Selentifio American, established 1846.” NEW YORK, MARCH 93, 1889. 


Scientific American eee $5 a year. 
Scientific American Supplement, $7 a year. 


LIVERPOOL (VYRNWY) WATER WORKS. first of the and little ng 

, tain hamlet—so widely apart, differing so in popula- 

TES VALLEY OF LLANWDDTE. tion, ideas, and sentiment, yet now bound together by 

Who, a few years back, could have imagined any/a bond of iron and water—the great artery supplying 
connection between Liverpool and Llanwddyn—the/ the circulation of the city. To Llanwddyn Liverpool 
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has gone for water, and by so doing has eaused what 
was once a historic and romantic old place to disappear 
forever from sight. For the healthful life of the great 
city, the few dwellers in the quaint old-world vil 
have been obliged to surrender their homes, their 
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lage inns and beer house, their school, their church and 
churchyard, and sink all sentiment connected with 
these spots, just as the hearthstones and walls of their 
houses slowly but surely sank in the growing flood 
which some weeks past transformed the old farm-stud- 
ded valley into a silent majestic lake, stretching away, 

t, over the drowned village, far up between the 
hills into the gray mists which hang over the foot of 
the mountains. 

Time brings strange changes. This Vyrnwy or 
Llanwddyn valley, bored out, and the sides ground 
smooth by a glacier, which hollowed out the bed fora 
lake, in whose waters doubtless the woolly rhinoceros, 
the boar, the bear, and the reindeer slaked their thirst, 
and also many other strange creatures which inhabited 
our island when the world was young. The neo-lithic 
savage was there; he hunted and fished, lived his time, 
and left as his record a few weapons of warfare or of 
the chase. Countless years passed, rains and frosts, 
floods and tempests rolled over the valley, washed the 
sides down and filled the lake, and the waters became 
ariver. Centuries then passed by till the ‘ Ancient 
Briton” took up the tale by curiously woven legends 
of the life and doings of semi-mythological beings ; the 

mans came and went, leaving traces of their finely 
raded roads, and also of their searches for metals ; the 
ings of all Wales, the princes and barons of Powys, 
the Knights of St. John of Jerusalem, their serfs and 
retainers, with many other stately personages of his- 
tory, passed through the old valley, lived on its bor- 
dera, held court and waged war within its echoes ; they 
also have gone, leaving a faint mark on history. The 
Roundheads and the Cavaliers of the revolutionary 
times were there, and the Red Banditti of Mawddwy ; 
traces of their strife are not wanting. One hundred 
and fifty years ago, from the center of the valley, a 
cannon ball weighing 5 |b. was dug from below the 
surface ; the relic is still in the possession of the grand- 
son of the man who found it. Some of the old imhabit- 
ants remember the farmhouse of Abermarehant, with 
old chimneys having crossed seythes, their edges upper- 
most, built into the stonework—a method of fortifica- 
tion thought useful in those troublesome times. When 
these men passed, others took their place ; the farmer 
appeared in lieu of the man-at-arms, and for the first 
time does history tell of engineers turning their atten- 
tion to the valley. Some time about the years 1730-40 
certain engineers proposed to drain this valley to im- 
prove agriculture-—-the report and recommendations 
~ still be seen in the estate offices of Powis Castle. 
Tn later times, the valley was not too remote for the 
Nonconformist to wage his crusade against the beliefs, 
customs, and pastimes of the period ; the Quaker was 
also known. In the earlier decades of this century the 
farmers’ troubles with wheat growing and profitable 
selling were told, and a curious old agreement is still 
extant by which the leading inhabitants bound them- 
selves to reduce, by one-third, during a certain bad 
season, their home consumption of wheat flour, so that 
the probable shortness of provernder would not be 
aggravated. Then in later years, agriculture entered 
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upon the broken-kneed 


riod in which it still lingers 


throughout Great Britain ; and following that t 


save t 


few out-of-the-world inhabitants of the valley, 


none enlivened the scene except the occasional sports- 
man tramping the hillsides for grouse or the marshes 
for snipe, or by the banks of the rivulet through the 
valley a disciple of Isaac Walton followed the gentle 
art, and cast the fly into the clear brown waters of the 
stream running through peat beds and rippling over 
gravel bars. Then the last visitant to this romantic 
old valley was the modern engineer, who came for the 
pur of carrying out one of the great engineering 
works of this generation. Unlike the engineer of one 
hundred and fifty years ago, who wished to drain and 
dry the valley, the modern engineer has dammed it 
across, at the old bar of rock, at the farther end of the 

rehistoric glacial lake. And thus the round of history 
8 complete ; waters again cover the dry land, and the 
time-worn hills can once again see themselves reflected 
in a mountain lake. 

A fine broad roadway crosses the stone dam ; from 
its center the water stretching off into the mountains 
seems endless; on the other side the valley lies wide 
and far below, its little rushing stream, passing from a 
curiously contrived sluice gate beneath the dam, lends 
it a charm which the landscape painter loves to study ; 
here and there are dotted the offices, some of the work- 
shops, stables, etc., of the builders of the dam—these 
shortly te be removed. Away around the lake on 
either side is to be seen a yellow line, following on the 
hillside the contour of the water; this is the broad and 
beautiful road which surrounds the margin of the lake. 
Away to the right, a bold, tower-like structure stands 
out in the water, to which, from the main road, there 
is a causeway carried over stone arches. The tower, 
with its turrets and spire and one tall, cone-shaped 
point, is very beautiful, and gives a romantic medieval 
air to the whole scene. It is only the outlet and the 
straining tower. Some of the quaint old-fashioned art of 
medieval Germany has evidently been in the designer's 
mind, but this lends itself well to the uses for which it 
is destined. Like the fortress of some feudal lord, to 
which he may retire after his maraudings and bid defi- 
ance to all his enemies, it stands grandly and solemnly 
apart surrounded by the deep waters of the lake. On 
the left of the lake and a little up the hillside, partially 
hidden by conifer and other foliage, peeps out the 
corner gable of the house which the chief engineer 
occupies. Further along the road, round the water, is 
an old farmhouse, metamorphosed by one of the prin- 
cipal officials into as picturesque and comfortable a 
dwelling as could be wished for. On the opposite side 
of the lake is the old village, now submerged, but so 
far above the bottom of the valley that had not some 
of the higher buildings been pulled down, their chim- 
neys and gables might have appeared above the sur- 
face of the lake in very dry seasons. Nearly all have 
been removed. Some of the old dwellers in this village 
were born, lived there, and died without ever having 
traveled further into the world than a dozen miles from 
their chimney corner. Many pathetic incidents were 
connected with the removal of this place—not unlike 
the going of the Acadians from the village of Grand- 
Pré. The simple cottagers knew little of the ways of 
the world. Liverpool—77 miles distant—was to them 
a strange country ; what could such a place want, and 
how could they come to their doors for water, and turn 
them from their homes? Many could not realize it 
until the last moment. One by one the old bodies 
were dug from the old churchyard and removed to the 
new ; old bodies they were in more senses than one; 
pure air, plenty of God’s sunshine, and healthy work 
make old bones. The parish magazine, published since 
the works were started, gave monthly lists of the dead 
—from seventy to one hundred the ages seemed to run, 
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other deaths except those of infants were rare; but 
the village is now a memory, it sleeps beneath the 
silen waters of the lake, like ite sons and daughters 
buried on the hillside. 

For nearly five miles up the valley the lake stretches 
from the dam, its width, for almost the whole distance, 
averages half a mile, and around this sheet of water, 
for a length of about twelve miles, a wide, finely made 
and nearly level road runs, broad enough and smooth 
enough to take three coaches abreast. 

Such is Lake Vyrnwy—destined to supply Liverpool 
with water—and so will it appear to the lover of old 
legends, the artist, the tourist, and the general visitor; 
and when the twelve or thirteen miles of country road 
leading to it can be comfortably traveled, and on arrival 
comfortable accommodation found, there is little doubt 
that, besides attracting the traveler, the engineer, the 
scientist, and the curious visitor, it will be a favorite 
resort of the lover of — sights and sounds and 
healthful mountain air. or engineers it presents 
meny features of unique and special interest. The 


according to the special considerations governing that 
particular point. For instance, where high hills inter- 
vened they were sometimes contoured, or, if tunnels 
were wore efficient and economical, they were bored ; 
if the waterial in the hill was water-tight rock, the tun- 
nels were not lined; if of amsound rock or earth, lin- 
ings were resorted to; when the pipes of the aqueduct 
were carried down valleys, much below the gradient, 
and the head of water was greater, the thickness of the 
metal was increased ; wherever crossing high hills the 
water lost head, the pi were made of lighter metal, 
the strain being less. he diameter of the pipes was 
varied according to the hydraulic gradient, which is 
not uniform in each seetion of the aqueduct. In the 
bends of pipes on the tops of all elevations where air 
might accumulate, automatic valves, openi to air 
and closing to water, are piaced ; again, valves are 
placed in the pipes in the bottoms of all valleys crossed 
to allow of the pipe line being cleaned. The waterial 
of the pipe is generally cast iron, varying from 39 to 
424¢ in. in diameter, and from 1 in. to 2 in. in thickness, 
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the positions of the centres of all the pressures 
acting upon the dam are shown by arrows. The centre of the* 
resultant pressure 1s at a distance of 60-8 Feet From 0, or 
one- sixtieth of the width of the base From its centre,& the 
nitude & direction of that resultant 1s properly represen 
the line The magnitude is 4 tons, & the direction 
46° 33° From the vertical, 
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scheme by the corporation of Liverpool and the history 
of its accomplishment by them are dealt with below. 
At present the area of the Liverpool district supplied 
by water exceeds 60 square miles, and the source of 
supply is from wells in the sandstone of South and 
West Lancashire, and reservoirs at Rivington, extend- 
ing for a length of about seven miles, in the hill eoun- 
try of East Lancashire, distant from Liverpool from 
thirty to thirty-seven miles. 
The aqueduct from the Vyrnwy lake to Liverpool is 
the longest yet constructed. From the straining tower 
the Prescot reservoirs, outside Liverpool, the dis- 
nae is 68 miles. and from there to the Town Hall, 
'verpool, is an additional 9 miles, in all 77 miles, This 
ee exceeds by many miles any of the aqueducts of 
te Greeks or Romans. famous in history. From the 
ee available point in Lake Vyrnwy tothe top water 
evel in the Preseot reservoirs, the fall is 496 ft., giving 
an average fall, or hydraulic gradient, of abont 74¢ ft. 
a Closed pipes, tunnels, or culverts have been 
th throughout the whole distance, but in order that 
€ strain should not accumulate, the gradient has 
~. divided into six sections; at the end of each the 
Water is allowed to flow into open tanks or reservoirs 
in order to subdivide the hea . Throughout its whole 
eth the aqueduct has been constructed at each point 
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and in certain localities where extra strength is neces- 
sary, steel is ew . The greatest internal pressure 
on the pipes is dueto about 500 ft. of head. 

The first tunnel—the Hirnant—{see longitudinal see- 
tion) on the line of the aqueduct begins about half a 
mile from the straining tower, and is miles long. 
This work was mainly driven through hard rock, so 
compact as not to aan lining. An improved form 
of Ingersoll rock drill worked by compressed air was 
used to bore the reck. The tunnel was worked from 
both ends, and when the workmen met, the centers 
were found to coincide accurately. The size of the tun-, 
nel is-every where such that it will contain a circle of 7 
ft. in diameter. The total time taken to drive it was 
930 working days, with three shifts in the twenty-four 
hours. The two ends pass through earth and soft rock, 
and the tunnel is lined for about 660 yards in the total 
length with brickwork set if Portland cement. From 
the Hirnant tunne! to about 9} miles the aqueduct is 
unbroken. Then the Park-Uchaf balancing reservoir 
is reached. This reservoir is constructed to hold 2,000,- 
000 gallons ; it is built, on a shale foundation, of cement 


mediately after leaving this tunnel the pipes of the 
aqueduct take a sharp drop down a steep narrow gorge 
about 90 feet deep and 9 chains across, when the hill- 
side is again entered and bored through for a length of 
about a mile; this is the Lianforda tunnel, which is 
similar in character and construction to the Cynynion 
tunnel on the opposite side of the gorge. They are 
both like the Hirnant 7 ft. in diameter, and whenever 
necessary lined with brickwork in cement mortar. The 
Llanforda tunnel discharges immediately into the Os- 
westry reservoir, near 18 miles. This reservoir is in a 
natural depression, dammed across by an earth dam 
1,550 ft. long, with a puddle trench through the center 
to a maximum depth of 54 ft. Its capacity is 46,112,000 
gallons, just a little more than one day’s yield of Lake 
Vyrnwy. The mouth of the Lianforda tunnel, just be- 
fore discharging into the Oswestry reservoir, o into 
a larger tunnel, some 15 ft. in diameter, which forms the 
discharging mouth ; this larger tunnel is built of red 

ressed bricks laid in cement. It would be difficult to 
imagine more perfect work ; the brieks are laid so truly 


conerete, faced with blue brick set in cement. At about 
1534 miles the Cynynion tunnel is met with; it is in 
length about 70 chains; the rock cut through was 
mountain limestone and 


and the joints are so regular as to give the appearance 
of a painted face with the joints drawn on bya ma- 
chine ruler, This particular brickwork, though espeei- 
ally mentioned, is by no means singular as regards ex- 
cellence of workmanship when compared with all other 
portions of this water works ; it is all of one sample, 
and executed in a manner that engineers and contract- 
ors could all follow with advantage. Three quarters 
of a mile below the Oswestry reservoir, arranged in 
terraces, one below the other..are the sand filter beds 
through which all the water has to before being 
sent further along the aqueduct for the supply of 
Wiverpool and its district, and such places, within 20 
miles of the aqueduct, as may agree with the corpora- 
tion to take water. There are three filter beds already 
made, and the foundations are laid for a fourth, and 
below the filters again a clear water reservoir and water 
gauges are built. The capacity of the reservoir is 
2,812,500 gallons ; and, like the filter beds, it is adapted 
only for the first instalment of water of 13,000,000 gal- 
lons daily. The material of these filters and reservoir 
is blue brickwork setin Portland cement. Between 
Oswestry and the Malpas tank, near 8614 miles, two 
railways and several streams are passed under. The 
Malpas tank is built of red pressed bricks, and will 


coal measure sandstone. Im-! contain 272,000 gallons. When the forty million gallon 
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THE LIVERPOOL WATKR WORKS—PARTICULARS OF WORKS UPON THE VYRNWY RESERVOIR. 


Expenditure | Probable 
Amoun Tota 
90th Sept., te Expendi- 
1888. Complete. ture, 
cub, yards. £ £ £ 
Works connected with the Formation of Lake Vyrniwy. 
Vyrnwy Masonry Dam with viaduct 
orings, trial shafts, river diversions, and other preliminary 
Excavating for foundations and refilling at front Re Excavation. 220,820 } 59,027 495 59,522 
and back of wall. en Refilling ...| 79,5014 
Paddle wall, including excavation and carriage of puddle ...... | 11,173 3,487 3,487 
Masonry and brickwork in Portland cement mortar ........ 259, 165 506,471 17,360 523,831 
Regulating apparatus, including valves in two discharge tun- 
Statutory compensation and flood gauging apparatus and 
gauge house (exclusive of regulating apparatus in dam).....| ee 2,564 5,280 7,844 
Receiving basin, regulation of river, formation of spoil heaps and | 
other works below the GAM. ......cccccccccscccesecccccesccces 7,808 550 8,358 
Statutory roads around lake, including storm culverts, fencing| lin. yards. 
Bridges on statutory | No. 6 9,502 ; 9,502 
320 320 
New cemetery, and removal of remains from parish church 
New church and 6,412 400 6,812 
New school and teacher's home, including farmiture.... 1,659 1,970 
0s 659,033 31,953 | 690,986 
Deduct value of plant on completion of works..... as 20,000 20,000 
oe 659,033 11,953 | 670,986 


* Further pitching will be a work of maintenance. 


scheme is completed, a reservoir will be built here to 
coutain 6,500,000 gallons, and the present tank will be 
adapted as a valve chamber to it. At Cotebrook, near 
48 miles, there is another balancing reservoir ; between 
Malpas and Cotebrook is the only section of the aque- 
duct built entirely of cast iron pipes. The Cheshire 
Lines Railway is passed under, near 51°¢ miles, and 
at 55§ miles the Wenver Navigation is crossed. The 
crossing of this navigation will be effected with three 
riveted steel tubes of 82 in. inside diameter attached 
together, floated into position, and sunk into a trench 
dredged across the river, the trench being afterward 
filled in with cement concrete, Near 58% miles the last 
balancing reservoir on the aqueduct is placed. At this 
point the surface of the ground is over 100 ft. below 
the gradient, therefore a tower had to constructed, upon 
the top of which a tank will be placed—this is the Nor- 
ton Tower. As may be seen by the annexed engrav- 
ing, it is a very handsome structure of Roman Doric 
design ; its height to the top of the tank is 118 ft., its 
diameter at the base is 95 ft.; it is built of the new red 
sandstone of the district. The tank is supported with- 
out girders or columns, the cast iron bed plates rest 
upon the circular cornice of the masonry, and upon the 
bed plates is a hard steel expansion joint supporting a 
hoop of riveted steel plates of the same diameter as 
the tower, designed to resist compression toward its 
center. 

The reservoir, with cast iron sides to deepen it, 
will hold 651,000 gallons of water; the basin portion 
is constructed entirely of mild steel plates, in the form 
of a segment of a circle. The principle is therefore 
that of an inverted dome under tension, as no internal 
supports are required ; the result is not only bighly 
efficient, but very economical. From this tower to the 
Prescot reservoirs, the remainder of the aqueduct prop- | 
er, isa length of 9 miles 20 chains, and in the distance | 
are two of the most important crossings on the whole | 


THE NEW BELGIAN MAIL STEAMBOAT PRINCESSE JOSEPHINE, 


length : that of the Manchester Ship Canal and of the 
River Mersey. The canal is not yet excavated to its full 
size, where crossed by the aqueduct, but when finished 
the pipes will be laid in a subway under it. The cross- 
ing of the Mersey is a much more formidable work. 
The aqueduct will, at this point, be subject to a head 
of pressure of 430 ft. It is now being constructed by a 
tunnel driven through the bowlder clay which under- | 
lies the river at the crossing, and at a depth below high 
water springs of about 100 ft. The tunnel will be lined 
with cast iron, and its general dimensions will be as 
follows : 


ft. in. 

Distance from center to center of shaft. 805 0 
Depth of shaft below south bank or 

Depth of shaft below north bank of 

Outside diameter. of shafts 10 ¢ 
Inside clear diameter of shafts.... . .. 9 § 
Outside diameter of tunnel........ in: ee 
Inside clear diameter of tunnel..... om 9 0 


The aqueduct will be carried down these shafts and 
through the tunnel by two riveted steel tubes. In or- 
der to provide against leakage into the tunnel an un- 
derground pumping engine will be provided, to be 
driven by pressure in the mains. The aqueduct then 
rises gradually from the Mersey a near 60° miles, 
to the Prescot reservoirs at 6844 miles. 

The table above gives particulars of the cost of the 
work, for the first daily instalment of 13,000,000 gallons 
of water. 

The total cost of the aqueduct and works along its 
route is estimated, when finished, to amount to £930,- 
248; already of this sum some £789,901 has been ex- 
pended. The principal items making up this total are 
follows : 


Straining tower, bigh and low level 
culverts, valve shafts, valves, and 
ironwork 

— tunnel and works . 
nynion tunnel and works......... 

L anforda tunnel and works..........) 

Oswestry reservoir, including all works 
in connection with it 

Malpas reservoir, including all works in 
connection with it. 

Cotebrook reservoir, including all works 
in connection with it. es 

Norton water tower and works. a 

Aqueduct tunnel under River Mersey... 

The remainder includes the laying of 
the aqueduct, cost of pipes, valves, 
stop-cocks, sluices, sundry river, rail- 
way, and canal crossings, etc......... 506,482 


The filter beds, and clear water reservoir, gauges, 
ete., at Oswestry, also cost of land for present filtering 
works, amounted to £57,097. 

Other lands and easements for the whole undertak- 
ing cost £172,279. 

Certain other expenditures not included in the origi- 
nal estimate are as follows : 


£ 
Purchase of a portion of the Vyrnwy 
estate not required for works.... ... 58,000 
Purchase of land at pad not re- 
quired for present works... ......... 13,333 
Law charges, valuers’ fees, engineer's 
commission, money compensation to 
interests on streams on the watershed 
of the lake, but below the dam ..... 94,270 
160,603 
Making the grand total of expenditure.. 1,991,207 


—Engineer ing. 


THE NEW BELGIAN MAIL STEAMBOAT 
PRINCESSE JOSEPHINE. 


THIS new steamboat, built by Messrs. W. Denny & 
Brothers, of Dumbarton, for the Ostend and Dover 
service, is constructed entirely of Siewens-Martin steel. 
| Her principal dimensions are as follows : length, 300 ft.; 
beam, 38 ft.; depth from main deck, 1344 ft.; loaded 
draught, 816 ft. Her engines are on the compound sys- 
tem and of 6, 000 horse power. She has side paddles, is 
schooner-rigged, and is provided with an auxiliary rud- 
der forward, to enable her to steam out of Ostend with- 
out swinging. Her average speed is twenty-one knots 
an hour, which enables her to effect the passage regu- 
larly between Ostend and Dover in about three hours. 
Among paddle-wheel steamers, she is in the first rank 
of those afloat. The Princesse Josephine is the second 
vessel built by Messrs. Denny & Brothers for the Belgi- 
an government. The first, the Princesse Henriette, a 
sister ship to the Princesse Josephine, was placed on 
the service some months ago. Another new steawer, 
La Flandre, will soon be added to the fleet. 

The general arrangement of the vessel has been spe- 
cially studied with a view to the greatest comfort of 
passengers. She has a promenade deck running the 
whole length of the ship, a main deck, and a steerage 
or cabin deck running fore and aft of the engine room. 
The ladies’ and gentlemen’s saloons are below the main 
deck, abaft the engine room. Immediately fronting 
the engine room is the mail and baggage hold, forward 
of this comes the second class saloon, which is provided 
with a special cabin for ladies. The remaining part of 
this deck comprises the officers’ and engineers’ rooms 
and the forecastle. 

The decorations of the gentlemen’s first class saloon 
are in exquisite taste, the sofas and cushions are cov- 
ered in red buff leather. In the forward part, and on 
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poth sides, isa lavatory. The sofas and backs in the 
ladies’ first class saloon are upholstered in velvet, and 
the paneling is relieved by rich paintings. There is a 
javatory on the starboard side, and a cabin for two 
stewardesses on the port side. Besides the settees, all 
the pilasters are surrounded with lounges. The up- 
holstering of the second class saloon is after the style 
of railway carriages. This saloon contains a pantry, 
and each of the ladies’ cabins is provided with a lava- 


tory. 

Tadependently of the skylights, all the saloons below 
deck receive light and ventilation from a large number 
of port holes 12 inches in diameter. On the main deck, 
at the extreme after end of the vessel, is the smoking 
saloon, tastefully fitted up in pine wood of various 
hues. Immediately forward of the smoking saloon are 
the first class saloon skylights; then a large deck 
house, the arrangement of which is as follows: In the 
after part is the paatry opening on a dining room, 
capable of seating thirty-six persons. The sides of 
this dining room are beautifully paneled in satin wood 
framed in polished walnut. The lounges, settees, and 
revolving chairs are upholstered in Utrecht velvet, and 
the deck is covered with a Brussels carpet. This room 
is warmed by a fine stove of embossed copper, with a 
marble top. 

Reweed of the deck house is a corridor, giving access 
on the one hand toa stairway leading to the gentle- 
men’s first class saloon, and on the other to the purser's 
eabin, which is flanked by a state room on either side. 
The forepart ends in a corridor serving as a landing to 
the ladies’ first class saloon, and leads to two richly 
furnished state rooms. The panels and stained glass 
lights in these special rooms are artistically painted ; 
the upholstery is of silk, and a velvet pile carpet covers 
the floor. Each state room is provided with a lavatory 
and an arm chair. These two rooms may be thrown 
into one if required. 

Four cabins, placed aft of the paddle boxes, complete 
the passenger accommodation on the main deck. The 
petty officers’ and stewards’ quarters are situated for- 
ward on the main deck. 

Four stairways lead from the main to the promenade 
deck, which is remarkable for its dimensions and super- 
structures. Forward on this deck is the public smok- 
ing room, which is decorated with teak panels and 
upholstered in buff leather, then the .engine room 
skylight, and six state rooms beautifully fitted up in 
Utrecht velvet. Adjoining the after end of the deck 
house is a large official saloon, of an oval shape, taste- 
fully furnished in the Oriental style. The pilasters and 
panels are partly inlaid and partly of polished syca- 
more, and there are beautiful stained glass lights. 
The cushions, backs, and armchairs are covered in 
silk. There is here a piano, by Broadwood, which also 
servesasa sideboard. The vessel is lighted throughout 
by electricity, having 152 incandescent lamps. A sys- 
tem of electric bells connects the first class saloons, the 
two smoking rooms, and the fifteen state rooms, with 
the chief pantry. The first class saloons are warmed 
by handsome American stoves, and all the other cabins 
by steam pipes, 

The Ostend and Dover service comprises at present a 
line of first class steamers guaranteeing safety, speed, 
comfort, and punctuality to passengers, whose number 
is daily largely on the increase. These advantages, 
added to that of price—the Ostend line being the most 
economical of the extra fast services between England 
and the Continent—especially commend it to public 
favor.— Illustrated London News. 


IMPROVED FIRE EXTINGUISHING APPARA- 
TUS FOR STEAM VESSELS. 


By Mr. H. C. CARVER, of Messrs. Coates & Carver, 
Manchester. 


THE fire is extinguished by surrounding it with an 
atmosphere of the products of combustion drawn from 
the funnel of the vessel’s boiler. From this source 
there can be obtained a practically inexhaustible sup- 
ply of gases incapable of supporting combustion, and 


always ready for application. In the illustration, A is 
the funnel. It is connected by a branch to the valve | 
box, B, which is in communication with the cooling | 
chamber, C. This latter is divided by a vertical parti- | 
tion, and in both parts a constant shower of cold water | 
cain be maintained by the pipe, H. D is a steam jet 
which sucks the fumes from one compartment of the 


IMPROVED FIRE EXTINGUISHING APPARA 
TUS FOR STEAM VESSELS 


chamber, C, and delivers them into the other. They 
have thus to pass twice through the shower of cooling 
water before they emerge into the flexible hose, F, by 
which they can be directed into any part of the ship. 
So effectual is the cooling that the terminal tempera- 
ture is only 80° or 90° Fahr. The heat is carried away 
by the water which eseapes at the trap. G@. After the 
fire has been extingnished, and sufficient time has 
elapsed for its heat to become dissipated, the valve, B, 


's turned to shut off the gases and admit fresb air, 
Which is then foreed into the hold, and quickly dis- 


a are the heavy gases, enabling men to enter with 
safety. 

The Liverpool underwriters are having the apparatus 
fitted to the steamer Hywna, belonging to the Liver- 
pool Salvage Association, for the purpose of dealing 
with cargoes which arrive in a burning condition—no 
infrequent occurrence with cotton ships. 

The use of this apparatus is not confined to steam 
vessels. Every sailing ship of any size is now fitted 
with a boiler for working the winches, and this, if not 
very small, will supply plenty of gases.—Hngineering. 


RAILWAY ON AFGHAN FRONTIER OF 
INDIA. 


THE Indian government railway, projected originally 
by Sir Richard Temple, which traverses the mountain- 
ous region of Beloochistan, north of the Bolan Pass and 
Quetta, from the western border of Scinde to the new 
inilitary station of Pishin, and thence still westward to 
the Khoja Amram range, overlooking the plain of 


ROPE INCLINE RAILWAY OVER THE KOJAK 
PASS, AFGHAN FRONTIER OF INDIA, TO- 
WARD KANDAHAR. 


Kandahar, has repeatedly been mentioned as a work of 
the greatest political importance. It is now rapidly 
approaching completion. An extensive tour along the 
Indian northwestern frontier has been undertaken by 
the Commander-in-Chief, Sir Frederick Roberts, and 
his staff. Sir Charles Dilke accompanies the party. 
Our illustration represents the wonderful rope incline 
railway overthe Kojak Pass, which Sir Charles and the 
eee | ascended on Nov. 12. Here, this line reaches a 
1eight of 7,250 ft. above sea level, and has a gradient 
of no less than 1 in 24g, which is, with one exception, the 
steepest of any in the world. It was designed and car- 
ried out by ir. W. J. Weightman, A.M.1.C.E., under 
the orders of the Engineer-in-Chief, Mr. F. L. O’Cal- 
laghan, C.8.1., C.I.E. Our illustration is from a pho- 
ong by Mr. R. J. Woods.—Jillustrated London 
ews. 


THE FUTURE OF PHOSPHATES IN THE 
UNITED STATES AND IN CANADA. 


At the time when the question of utilizing raw basic 
slag as a fertilizer was so actively discussed, we ven- 
tured to point out that there were several important 
reasons why our farmers should not adopt it, and thar, 
despite the low price at which it might be profitably 
sold by furnace men, it would stand little chance in 
competing with superphosphates made from bones or 
from phosphorites, coprolites, or apatite rock. 

If, since then, we have had little to say on the sub- 
ject of fertilizers, we have, nevertheless, continued to 
watch them with undiminished interest, and we now 
again advert to them, because Dr. D. T. Day, in his 
very able report in the fifth volume of ‘* Mineral Re- 
sources of the United States,” has furnished details 
which confirm the views we have so frequently ex- 
pressed. He shows, for example, that we have a plethora 
of natural phosphate material—that, far from falling 
off, our production of the higher grade Carolina ore is 
increasing at the rate of one thousand tons per week, 
and has now reached a total of nearly 500,000 tons a 
year. On this vast American continent there are two 
great sources of phosphoric acid in the form of tricalcic 
phosphate ; one belongs to us and is in the Carolinas; 
the other belongs to Canada and is in the provinces of 
Quebec and Ontario. Both of these have gone on in- 
creasing in importance until they have made of the 
manufacture of fertilizers one of the great industries, 
annually turning over some fifty millions of dollars. 
These figures sound large, and we mention them in the 
hope that they will arrest attention, and, from them- 
selves, lead on to a consideration of questions interest- 
ing alike to the miner, the engineer, and the chemist; 
questions which are allied to those connected indis- 
solubly with the higher cultivation of our soils; their 
increased or decreased fertility; and’ the consequent 
low or high price of our people’s food. 

A mere glance will reveal that our position is more 
than ordinarily anomalous and many sided. In the 
first place, tnere is the fact of a steadily increasing 
knowledge among farmers; a strengthening desire on 
their part to foilow their scientific teachers ; and the 


allowing them to be exploited by foreign capital, and 
are thereby contributing to the advancement of Euro- 
pean manufacturers rather than to our own. 

Dr. Day .has given ample pes of all this in the re- 
port already referred to, by showing us that we are not 
only making no attempt to monopolize a very profit- 
able industry, but that our negligence is compelling 
the farmers of a large section of our country to pur 
chase from English makers fertilizers made from ou: 
own raw waterials, raised almost at our doors, am! 
which, even neglecting the enormous cost of freight, 
could be as cheaply, as well, and as readily made at 
home as abroad. 

What is the real reason for this astonishing situa- 
tion ? How comes it that European firms can buy from 
us their raw material, take it to England or Germany 
for treatment, and send it back here and find a sale 
for it as*a manufactured article? Probably the problem 
has never been understood, but we think it may be 
explained on very simple and very rational grounds, 
The people who have erected fertilizer factoriee have 
invariably labored under the disadvantage of produc- 
ing only one of the necessary ingredients, and having 
to buy and carry the other! If they are makers of 
sulphuric acid, they are probably established in @ local- 
ity propitious to the production of some sulphur- 
bearing ore, but containing no deposits of phosphate. 
Whereas, if they are, on the contrary, miners of phos- 
phate rock, the lack of sulphuric acid is the difficulty 
that presents itself. Thus it happens that, while in 
their respective regions the actual cost of producing 
the elementary waterial is often extremely low—say 
$1.25 per ton for first-class pyrites, and $4.50 per ton 
for finely ground phosphate rock—it yet remains true 
that our average cost price fora 14 per cent. soluble 
superphosphate is about $9 per ton in our best works, 
and that this price becomes so inflated by transporta- 
tion that it must finally cost the average farmer some 
$25 before it reachee his field. 

Can these anomalies continue to exist, and how ma 
they most effectually be done away with? Is the agri- 
culturist to be hampered, embarrassed and impoverish- 
ed, or are we to devise some weans of cheapening our 
products by bringing together at some economical, 
central, and convenient point for manufacture the pro- 
duets of our mines? If something is not done and done 
very quickly, we must resign ourselves to seeing a large 
and ever-increasing industry pass in a great measure 
from our hands to establish itself where nature has 
been equally kind and where map is more enterpris- 
ing and energetic. The signs of the times cast their 
long shadows before them, and it is because of certain 
ruwors of well projected schemes, calculated to do in 
Canada what we have been unable to accomplish here, 
that we have written at this length. 

There can be no doubt of the extent and value of 
both the pyrites and the apatite deposits that ure 
being worked and developed on our neighbor's portion 
of this continent ; nor, although the methods by which 
they have hitherto been worked are primitive and 
rough, must we shut our eyes to the revolution now 
being effected in these directions. No more will the 
pyrites ore be shipped for treatment to this country, 
at a vast expense for freight and duty. But little longer 
will the phosphates be subjécted to the absurdly ex- 
pensive process of hand cobbing and selection in order 
to make them fit for the English and German :narket 
on the minimum basis of 80 per cent.! The sulphur 
will be turned into acid and the copper into matte at 
the pyrites pits mouth; the phosphates will be taken 
and used as they come from the quarry, with no more 
selection or separation than can be performed by the 
miners themselves. Is Canada destined in this respect 
to be our most dangerous competitor or our most 
valuable ally? She can claim all the advantages con- 
ferred by abundance of ure, cheap labor, low freights 
by rail and by water! Can we deny that these are the 
factors essential to the success of industrial undertak- 
ings ’_—Hng. and Min. Jour. 


CHEAP TAPS. 


BEING simple of construction, and costing next to 
nothing, no doubt many will use them. It consists of 
a cork, having a straight, clean-cut hole, through 
which is inserted a piece of glass tubing sealed at om 
end, and having a small hole cut on one side. The 


—)) 5 


CHEAP TAPS. 


position of said hole is determined by the length of 
cork u Figs. 1 and 2 show this clearly, where the 


inevitable greater demand for artificial fertilizing sub-| first shows the tap open; the second, shut. The ma- 


stances. in the secoud place, there are inexhaustible 
deposits throughout the continent of pyrites and phos- 


phate rocks, the two essential materials to the pro-| 


duction ot ucid, or superphosphates. In the third 


nipulation is done by pressing the tube in and out. 
Fig. 3 is a jar suitable for photographie or electric 
cell stock solutions. 
A different form of tap is shown in Fig. 4. To open 


place—and here comes the anomalty--tnere is the fact|and shut the latter form, it is only necessary to turn 
that we are not by any means making the best of | the tube on its axis, there being a slice cut diagonally 
our natural resources, that on the contrary, instead of | off one side of the cork. This form is specially valu- 


fostering and developing them as they deserve, we are able where it is important that the volume of liquid in 
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the containing vessel should remain constant—e. g., 
burettes (Fig. 5). 

Fig. 6 is a handy separator (for working with oils, 
ete.), made from an old olive oil bottle, a hole being 
made in the bottom for an inlet. 

In calcium chloride U-tubes that require to be 
weighed accurately before and after experiments, the 
taps will be found very useful (see Fig. 7). 

Fe will be observed that the sealed ends of the tubes 
in the figures are slightly inflated ; this prevents them 
being accidentally pulled right out. The hole is easily 
cut with small, round file, kept wet. The corks may 
be of cork or rubber, as found most suitable.—R. 
MeLaren, Eng. Mechanic. 


THE RECOVERY OF TIN FROM TIN PLATE. 


TIN is a relatively valuable metal, and its production 
is limited ; so the industries that use it are economical | 
of it, and have had to oceupy themselves with the! 
recovery of it from their residue. We believe that it is 
the tinning of iron, and especially the manufacture o 
tin plate, that is the greatest factor in the consumption | 
of tin. Bat the manufacture of objects of tin plate | 
leaves much scrap, the quantity of which amounts to} 
asixth part of the sheets used. Moreover, many tia 
plate articles are discarded while the protecting coat of 
tin is as yet entirely intact. Such is the case with fruit 
cans. 

An endeavor has for a long time been made to utilize 
this tin, and, in studying the bibliography of this sub- 
ject, we have found that, in England alone, one-sixtieth 
of the patents have reference to the recovery of tin from 
serap. As usually the case, many of these patents have 
remained in the state of projects upon paper. Yet, in 
America, Ott has worked a process in which acid baths 
are used for dissolving the tin. It was by a variation 
of this process that, along about 1870, Mr. Montefiore 
treated more than two million pounds of tin serap in 
Belgium. Another process, the plumbate of soda one, 
was tried industrially at Dusseldorf in 1883. More 


APPARATUS FOR THE RECOVERY OF TIN 
FROM SCRAP. 
A. Chiorine generator. B. 


i. Tin scrap. F. Fireplace. 
Pile of scrap ready for treatment. 


Air pipes. C. Chimney. 
H. Absorber. 
I. Pump. 


recently still, a Mannheim society, taking up the ideas 
of Moulin and Dold, has endeavored to effect the recov- 
ery by hydrochloric acid gas; and finally, electrolysis 
has been put under contribution and tried, it is said, in 
the suburbs of Paris. Success has crowned none of 
these tentatives, and it is only since last year that we 
can consider the recovery of tin from tin plate as an 
established and regular industry. A manufacturer of 
Brussels, Mr. Alfred Lambotte, has established experi- 
mental works on the Willebroeck Canal, which annu- 
ally treat four million pounds of tin serap, according 
to the following process. 

It is well known that chlorine has a strong affinity 
for iron especially when warm, but, when it is dry and 
strongly diluted with an inert gas, it may be raised to 
200° without acting upon iron, while it still attacks tin 
very well. It is upon this new observation that Mr. 
Lambotte has based his patents. 

Under these conditions, the tin passes to the state of 
stannic chloride, which is a costly product that the 
silk industry makes great use of for weighting fabries. 
Such use is extensive enough to consume the tin de- 
rived from the tin scrap of the entire globe. The iron, 
perfectly freed from tin, is taken in hand by metal- 
lurgy, which greatly esteews it, since the sheets for tin 
plate are always of superior quality. 

As for the apparatus that have rendered the recovery 
of tin practicable by the use of chlorine, they are 
arranged as follows: The scrap, which forms a huge 
bulk for a relatively feeble weight, is raised from the 
store room on the ground floor by an elevator that 
carries it to the upper story of the works, where it 
reaches the level of the charging aperture of a high 
masoury tower that constitutes the recovering appara- 
tus properly so called. This tower is filled from top to 
bottom with scrap in every stage of treatment, for the 
process is continuous. The current of ehlorine and 
air, previously heated to the proper temperature, 
enters at the bottom. When this current reaches the 


top of the tower, it is in the state of air charged with 
stannic chloride, without any trace of free chlorine. 

A movable grate retains the iron at the bottom of 
the tower and p—_-w! gives e to that which 
is entirely freed from tin, and which is carried away by 
a trolly. 

This apparatus cannot be styled a furnace, since it is 
the circumference, so as to preserve it from radiation. 


then blazes like wood shavings. This inconvenience is 
now prevented by the use of very powerful absorbers, 
whieh condense in water the stannic chloride produced, 
There were great difficulties before this, on account of 
the dilution by the current of air, of its decomposition 
by water, and of the necessity of using glass or pottery, 
for stannic chloride attacks almost all metals, and buy- 
ers are very particular as to its purity. 

We believe that the success of the Lambotte process 
is due to the fact that, being acted upon in the dry 


f| Way, the iron obtained has no tendency to oxidize, and | 


preserves its entire value, while the tin is at once con- 
verted, by means of the separating agent, into a pro- 
duct of value, formerly costly to produce, and coming 
direct from the metallic tin.—La Nature. 


IMPROVED WASHING MACHINE FOR 
TEXTILE FABRICS. 


WE show in Fig. 1 a longitudinal section of an im- 
proved open soaping and washing machine made by 
Sir James Farmer & Sons, Salford. The machine con- 
sists of a series of tanks through which the textile 


| when their centers and those of the pivots on which 
| they are borne are in the same radial line; but if an 

obstruction is presented to the arms in their rotation, 
they will yield and oscillate on their pivots so as to pass 
it. If the beater revolves in the water or washing 
liquor, as shown in Fig. 1, the arms will dip into it: 
| and as the removal of a portion of the tube forms it into 


| not heated directly. The hot gases circulate only at’ a sort of bucket, it will pick up, and become filled with, 


the liquor as it passes through it. The opening in the 


| The chemical reaction itself produces sufficient heat to tube is arranged to be at the top when the tube is in its 
|set fire sometimes to the entire mass of iron, which , outermost position, and the effect of this arrangement 


is that, so long as the arm or tube meets with no 
resistance, the water it carries remains undischarged - 
but if the arm is moved on its center by reason of com- 
ing in contact with some obstruction, the opening as- 
| sumes a tangential position, and the liquid is shot out 
|at a velocity which varies in some Cegree with that of 
the rotation of the beater. This is the principle on 
| which the latter is constructed, and it has a special 
application to the necessities of a machine of this 
| class. 

The object of all washing machines is to remove from 
the fabries which are being treated the surplusage of 
|coloring or bleaching material with which they have 
been printed, dyed, or bleached. A common practice 
is to force or draw through the interstices of the cloth 
the water or soaping liquor by means of a pump, or in 
some other way. 

In some cases a revolving beater is employed, which 
gives to the fabric while immersed in the water a 
| rapid but soft blow by means of an India rubber flap, 
thus loosening the surplus matter and beating it out. 
Both these methods have advantages, but the beate: 
which Messrs. Farmer make appears to obtain both ef 
fects, In its rotation, as can be seen in Figs. 1 and 2, 


| 
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WASHING MACHINE FOR TEXTILE FABRICS. 


material to be treated is conducted in succession in the 
direction indicated by the arrows. In this way the 
cloth is alternately scoured and washed, these pro- 
cesses being carried on in the various tanks. It is usual 
to admit the washing liquor or water into the first scour- 
ing or washing tank, and allow it to overflow into the 
compartments in which the material is first dealt with. 
There is thus a continuous flow of fresh liquor or 
water, and the final cleansing is thus performed imme- 
diately before the fabric leaves the machine. This is 
generally well understood, and therefore it is not 
necessary to go into any lengthened explanation. 

The chief novelty in the special arrangement under 
notice consists in the method of constructing the 
beaters, which are illustrated in end view in Fig. 2, and 
in partial longitudinal section in Fig. 3. They consist 
of two disks, B, which are keyed on a central shaft, and 
which are bored near their peripheries, so as to act as 
bearings for the beater bars, C. The latter are brass 
tubes, each of which has a longitudinal strip cut out of 
it from end to end, thus leaving an opening of about 
three-quarters of an inch. Each tube has fixed in each 
end a brass plug, which is constructed of the shape 
shown in Fig. b, so as to form a sort of crank. At the 
free end of the plug around pin is fixed or formed, 
which fits into the hole in the disks, B. Each of these 
pivots is placed eccentrically to the center of the tubes, 
so that when the disks and tubes are in position, the 
latter ean oscillate on the pivots, in a way readily un- 
derstood. This eccentricity is the essential feature of 
the new beater, and results in a peculiar action of the 
arms. Assuming, for the moment, that a beater so 
constructed is rapidly revolved, it will be seen at once 
that the brass tubes or arms, by reason of centrifugal 
force, will be always at their outermost position 


the arms come in contact with the cloth, and thus give 
ita light blow. The resistance of the cloth causes the 
arm to swingas described, and, almost simultaneously 
with the blow, the liquor contained in each arm ir 
thrown out against the cloth with considerable force. 
So great is the latter, in fact, that the water passes 
through the fabric toa large extent, and thoroughly 
washes it. In addition to the periodic flushing thus 
obtained, a continuous spray is thrown up by the ro- 
tation of the beater, which also has its due effect. We 
have inspected the working of this machine, and can 
testify to the flushing which occurs and to the thorough 
washing of the material. It only remains to be said 
that by suitably arranging the guide rollers in the tank 
the blow of the beater can be given either on the back 
or the face of the cloth, thus enabling the most delicate 
prints to be washed without running the risk of blur 
ring or smearing the colors. We are informed that the 
chief calico printers have tried sample beaters, and 
that many repeat orders for them have been received 
by the makers as a result.—Jndustries. 


HOW THE WORLD'S HIGHEST MOUNTAIN 
WAS PHOTOGRAPHED. 


THE nearest point from Darjeerling which affords a 
peep of Mount Everest is Senchal, which is about 8,000 
feet high. Away to the northwest will be seen Everest, 
appearing in the distance of the size and shape of the 
point of an egg. This view is anything but imposing, 
as Everest is too far off, about eighty miles as the crow 
flies, and hidden from view by the Ghoonpahar range. 
The best view of Everest is obtainable from Santakphu 
or Phalut, distance from Darjeerling of about fifty-six 


miles, and 12,000 feet high. Mr. Cowell and myself 
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started op this arduous expedition with a view of ob-| tassium chloride and less readily by the chlorides of 


taining, if possible, a negative of Everest, the highest 
peak in the world, on the 10th November, 1886. 

The weather was very unfavorable ; we were envel- 
oped in thick fog, and had occasionally a wetting. The 
first day we got as far as Tongloo, 10,074 feet high, and 
continued our journey the next morning. Five miles 
before reaching Santakphu, at a height of 11,000 feet, 
the drizzling rain changed into a snow storm, and we 
were glad to reach the rest-house at Santakphu, 12,000 
feet high, as the road got very slippery for the ponies. 
We had to stop here for the rest of the day, as the 
snow came down in earnest and continued all night. It 
was bitterly cold at this elevation ; everything froze 
except the whisky, of which we had a good supply. 

The weather very fortunately changed early next 
morning, and we had a glorious view of Kinchinjunga 
and Everest ; the atmosphere was very clear, and made 
the peaks appear quite near. All trees were covered 
with snow, which glistened in the rising sup, making 
the landscape look like a fairy scene. 

The camera was soon on the stand, and we took a 
few negatives of Kinchinjunga, and, after refreshing 
the inner man, we started for Phalut, from whence we 
expected to get a still better view of Everest. The 
road from here runs through that beautifu! pine and 
rhododendron forest which, in the beginning of April, 
is in one blaze of various colors. 

The height of Phalut is 11,811 feet. We observed 
that the best time to photograph Everest was soon 
after sunrise, as a little later the broad shadow on the 
higher peak disappears and all is one mass of white. 
This fact proves that the center and smaller peak, 
which is Everest, stands by itself many miles beyond 
the front range. It is said, by some unknown big man, 
that the distance between the front range and Everest 
is fifty miles, 

Next morning we were ready long before sunrise, and 
after selecting a suitable place with regard to fore- 
ground, we waited till the sun gradually rose and light- 
ed up the snowy peaks. Sunrise and sunset from any 
of these points is probably the finest sight in the 
world. 

We exposed about eight plates of different makers. 

The exposure we gave was between one and two sec- 
onds. 

The lens used was one of the single combination of a 
12 x 10 triple achromatic, which gave about thirty-five 
inches focus. I found this lens very suitable for distant 
views, as it gives a large image with great depth of 
foeus. 

After returning to Darjeeling we developed our ex- 
posed plates, and the best results were obtained with 
Tailfer & Clayton’s isochromatic plates. The next best 
(but not to be compared with the former) were Wratten 
& Wainwright’s make. The Britannia plates which 
we exposed proved a complete failure. Everest was 
not even visible, and the foreground dim and flat. 

In conclusion, isochromatic plates are the best for 
distant objects such as Kinchinjunga or Everest, and 
give a very brilliant negative with true intensity in 
tint and color, and are quite as rapid as the best plates 
in the market. The negative of Everest we have taken 
is the only one in existence. THEODORE HOFFMAN. 

—Jour. Photo. Soc, India. 


DETECTION OF ANTIMONY IN MINERALS. 
By ALEXANDER JOHNSTONE. 


By adding a drop of ammonium sulphide to the 
white incrustation of Sb,O; obtained by heating the 
antimoniferous mineral with fusion mixture in the in- 
uer blowpipe flame, 1 have shown how antimony can 
be rapidly and surely detected. When the antimony 
is present in very small quantity, the charcoal method 
must be the one adopted. In other cases, however, 
when the metal is more abundant, it can be quickly 
and very satisfactorily identified by heating the sub- 
stance, with the addition of fusion mixture, in a glass 
tube (having about 14" bore) open at both ends. A lit- 
tle of the mixture of pounded mineral and flux is 
placed in a glass tube at a distance of about a quarter 
of an inch from the end. The tube is inclined slightly, 
and heat by means of a blowpipe flame is applied. 
Dense white smoke is produced, and a white sublimate 
deposits on the upper, and sometimes also on the lower, 
side of the tube. Touch this white sublimate with a 
stngle drop of ammonium sulphide, and at once the 
highly characteristic orange sulphide of antimony is 
produced very distinctly. No other white sublimate 
obtained in the open tube in the manner described than 
Sb,0; is converted into an orange-colored substance on 
the application of ammonium sulphide. 

Edinburgh University. —Chem. News. 


COLORATION OF A COAL FIRE BY COMMON 
SALT. 


By NorMAN LEONARD, B.Sc. 


it is probable that many readers of the Chemical | 
News have, like myself, been questioned as to the cause | 
of the blue flame produced when a pinch of ordinary | 
table salt is thrown into a coal fire. I have, however, 
never met with any one who could explain the phe- 
homenon, which appears to contradict the results of 
the usual experiments on flame colorations, in which a 
Spirit or gas lamp is used. Among the attempts at ex-| 
planation which I have heard suggested are: (1) That. 
the vapors arising from the salt prevent complete com- | 
bustion, the blue flame of carbon monoxide being the | 
ait. (2) That the sodium flame cuts off the yellow 
ight emitted by the glowing coals, and only allows the 
= and blue to pass. (3) That the coloration is due to| 

le chlorine of the salt, which may perhaps combine 
with the carbon and hydrogen of the fuel to form com- 
pounds, such as chloroform and tetrachloride of car- 
om which are in their turn decomposed and oxidized, 

ith production of the coloration in question. 


The blue coloration seems to me to be of too purple a 1 


shade to admit of the truth of the first theory. The 
Hapsew theory seems rather far-fetched, but the third 
peed weil borne out by the following facts, the re- 


8 of some experiments which I have recently made : 


barium, calcium, and ammonium. 

3. The coloration is pot produced by the carbonate, 
we or sulphate of sodium. 

4. Chloroform, carbon tetrachloride, and ethylene di- 
chloride, when thrown into a coal fire, produce blue 
colorations, similar to that produced by sodium chior- 
ide.—Chem. News. 
BORIC ACID. 

As is well known, in any family of base-forming or 
positive elements, the positive character grows less 
marked as the atomic weight decreases. Considering 
the position of boron in the periodic system, at the 
head of the aluminum family, and considering, fur- 
ther, the fact that aluminum hydroxide is a weak base, 
we should expect to find that the corresponding hy- 
droxide of boron has but slight basic properties. rat 
it is not entirely devoid of basic properties is shown by 
the existence of the phosphate, BPO,; the sulphate, 
B8O0.;H,0; and a compound analogous to tartar 
emetic in which boron takes the place of antimony. 

A strong argument in favor of the view that = 
and aluminum are closely related elements is found in 
the ismorphism of euclasite and datholite. The anal- 
ogy in composition between these minerals is shown by 
the formulas : 

2Ca0. B,Os;.2BiC HO. Datholite. 

Attention has recently been called to the facts above 
mentioned by P. Georgievic, who is engaged upon ap 
investigation of boric acid, icularly with refer-| 
ence to the relative strength of the acid. He also calls 
attention to the following points : 

1. Solutions of alkali carbonates and bicarbonates are 


At the Adelphi Theater and Strand Restaurant 1750 
lamps have been fixed, and these, together with 400 at 
the Adelaide Gallery—making a total of 2,150 16-candle 
power lamps—are now being supplied with current 
from Bull lnn-court, adjacent to the theater—the site 
chosen for the new central station. It is pro to 
supply other consumers, so as to work the plant up 
to its full capacity ; and, as an inspection of the plan 
will show, the output can, by the addition of another 
engine and dynamo, for which provision has 
made, be increased 30 per cent. 

Steam ata pressure of 140 |b. is generated in three 
safety water tube boilers by Messrs. Babeoek & Wilcox, 
each of 156 horse power, and each capable of evaporat- 
ing 5,000 lb. of water per hour. It is conducted through 
centrifugal separators to Messrs. Willans & Robinson's 
high speed double compound central valve engines, 
which are coupled direct to Edison-Hopkinson shunt 
wound dynamos, manufactured by Messrs. Mather & 
Platt, of Manchester. It will be unnecessary to de- 
scribe any of the above plant, as hardly a wall known 
installation exists in which one of these firms is not 
represented. 

he street main is in connection through a ball cock 
with a water tank, which is placed beneath the floor 
of the stokehole and is large enough to hold one day’s 
supply. A Tangye 6 in. by 344 in. Colonial pump is 
employed to feed the boilers, the water on its way be- 
ing forced through a Babcock & Wilcox feed heater. 
The exhaust steam passes through the heater and is 
discharged into the upper part of the chimney shaft, 
which is 120 ft. high from the floor level of the stoke- 
hole. An injector, worked by the exhaust steam and 
supplied with a head of water from another tank, has 
also been provided. There are two sizes of combined 
engines and dynamos, two of each size, placed on one 


not changed by boric acid. Although this fact has 


solid bed of concrete 6 ft. in thickness. The large en- 


ay 
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long been known to those engaged in the manufacture 
of borax, it is not stated in any text book of chemistry. 

2. A solution of borax absorbs such large quantities 
of carbon dioxide when this gas is conducted iuto it, 
that the boric acid is in all probability entirely re- 
placed. Further, barium borate suspended in water is 
completely dissolved in a few minutes by passing hy- 
drogen sulphide through the liquid. 

3. When boric acid is added toa solution of potas- 
sium iodide and iodate, or of potassium iodide and 
nitrite, not a trace of iodine is set free. 

4. The dark red color produced by adding ferric 
chloride to a solution of an acetate does not disappear 
on adding boric acid. The same is true of the purple 
color caused by bringing phenol and ferric acetate to- 
gether. 

Finally, the author suggests that the avidity of boric 
acid as given by Ostwald, viz., 0°01, is probably too 
high, for the reason that acetic acid, to which is as- | 
cribed the advidity 0°03, has the power to set iodine free | 
when applied as directed under 3 above ; and, further, 
when an acetate is used and boric acid added, iodine 
is not set free.—Journal fur praktische Chemie, 38, 118.; 
I. R. in Amer. Chem. Jour. 


THE ELECTRIC LIGHT A®¥ THE ADELPHI 
THEATER 

THE history of this installation is fairly typical of 
the development of electric lighting carried out with 
the advantages of good design and workmanship. It 
proves the soundness of the policy adopted by those 
pioneer companies which have been so successful in 
placing the industry on its present firm basis. In 
the Edison Company erected for Messrs. Gatti 
a 600 light plant to supply the Adelaide Gallery 
Restaurant; and after four years of successful opera- 
tion, the proprietors, having determined on extension, 
placed with the Edison & Swan Company the contract 


1. The blue flame is not produced when sodium chlor- | for laying down a larger plant. Wegiveashort —> 


ile is projected on to a red hot platinum capsule. 


tion of the main features of the new installation, whi 


chi The coloration produced by throwing sodium|in the hands of their engineer, Mr, Blackburn, have 
oride into a coal fire is produced equally well by po-' been carefully worked out, 


HT INSTALLATION, ADELPHI THEATER. 


gines have low pressure cylinders 17 in. diameter and 
8 in. stroke, and are coupled to dynamos each havin 

an output of 800 amperes and 105 volts ata speed oj 
425 revolutions per minute; the smaller engines, with 
cylinders 14 in. and 10 in. diameter and 6 in. stroke, 
are coupled to dynamos each giving 425 amperes and 
105 volts at a speed of 475 revolutions per minute. 

At a preliminary trial at Messrs. Willans & Robin- 
son’s works with these engines and dynamos, 82 per 
cent. of the indicated horse power was obtained, in the 
external circuit, a result which speaks well for the per- 
fection of both engine and dynamo. Thirty pounds 
of comparatively wet steam were consumed per com- 
mercial electrical horse power, and, as great precau- 
tions have been taken to insure a supply of dry steam, 
better results are now obtained, though no exhaustive 
tests yet have been made. The current is distributed on 
the simple parallel system, each dynamo being quite 
independent. 

The lamp circuit mains are led away from these 
boards to distribution boards in the various buildings. 
The Adelaide gallery is supplied by two pairs of Callen- 
der’s cables, in laying which great care was exercised 


\that the wood casing should be well bedded down be- 


fore the cables were laid in it, and that the cables 


| should lie symmetrically within the casing before be- 


ing surrounded with bitumen. Iron plates, supported 
on brickwork, keep the weight of the traffic off the 
casing wherever it is necessary to cross a roadway. 
Duplicate circuits have been provided throughout, and 
great precautions have been taken with a view to 
secure safety from fire or possible extinction of the 
light. The lamps for the foot lights and battens are 
rovided with collars of a special form, each ———? 
its own cut out, and having extended terminals, whic 
make contact directly with the main wires. These 
are completely inclosed in slate casing, on which the 
lamp sockets are mounted. The proximity of any 
combustible insulating material to i developing 
heat is thereby entirely avoided. All the other con- 
ductors about the stage are inclosed in wood casing. 
They are strongly insulated with India rubber, and 
further protected by a sheathing of asbestos tube. In 
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all places where there is any liability to injury by| gives the connecting rod a contrary direction, that 
violence, or by nails being driven through the casing, | causes the zines to descend again into the liquid. These 
a lining of sheet iron has been provided. |intermittent motions are obtained by means of gear- 

In order to vary the light for scenic effects, a resist-| ings that permit of effecting but a half revolution of 
ance is inserted in series with the lamps, and in this| the crank, O L (Pig. 2). 
case takes the form of high candle power lamps, which| The zines are suspended from the extremity of the 
serve the purpose well, since they absorb much power | lever, J K, which is movable around the axis, N. A 
in small compass, with absolute immunity from fire. | counterpoise, P, placed at any point of J N, balances 

About 850 leape are available for lighting the stage, | the weight of the zines, Z, so that but a slight force 
and the remainder of the house requires 500, the audi- | suffices to make them rise or descend. 
torium being lighted from the dome by means of eight | J, of the lever is attached to a connecting rod, Mh, 
200 candle power Edison-Swan lamps. Ornamental | set in motion by the crank, OL. The motive mechan- 
three-light brackets are suspended round the tiers, and | ism carries along a fly wheel, V, with a vertical axis, 
single lights are provided for the pit, gallery, and against which a serew, T, constantly presses an iron 
boxes. It is now six months since the installation was | block, F, which performs the functions of a brake and 
completed, and no hitch of any kind has occurred in | ar its rotation. In order to allow the fly wheel, 
that time, and the lighting of the theater is so g ‘, and consequently the rotary device, to revolve, it 
that nothing is left to be desired.—The Engineer. suffices to remove the brake block, F, during the entire 
time that it takes the crank, O L, to effect a half revolu- 
tion. 

In the system adopted by Mr. Mareschal, the block, 
F, is pulled back by means of an electro-magnet, A, 
actuated by an auxiliary pile, R. The batteries designed 
for apartment call bells may be utilized. Upon press- 
ing upon the button, B, placed near the lamp, X, that 
is to be lighted, the block is attracted, and the crank, 
|OL, which was in the position, O L’, is set in motion. 
| When the crank is vertical, the small pin, D 8, fixed upon 
the axis, O, is horizontal at D'S’, and keeps the spring, 
E H, in the position, EG. As soon as arotary motion 
of OL’ occurs, the end, D, of the pin escapes, and the 
angular —— of EG bears against the copper 
bar, K H. here is thus established a permanent con- 
tact which keeps up the®eurrent of the pile, R, through 
the electro, A, and permits of the continuous rotation of 
the clockwork. In the case represented in Fig. 2, this 
half revolution immerses the zines in the bichromate. 
The rotation of O L will continue up to the moment 
at which the extremity, 8, of the pin, D, having be- 
come horizontal, meets the projection of the spring, 
| E H, which will leave K H and cut the cireuit of the 
| pile, R. As the brake block, F, is no longer attracted 
| 


BICHROMATE BATTERIES FOR DOMESTIC 
ELECTRIC LIGHTLNG. 


WITHIN a few years, the arrangements of bichromate 
batteries designed for domestic electric lighting have 
been notably improved, not ouly for the purpose of ren- 
dering their use as economical as possible, but especially 
with a view to facilitating the manipulating of acid 
liquids (an operation that is usually disagreeable), and 


by the electro, A, it will bear anew against the fly 
| wheel, V, and stop the motion of the revolving device, 
| and the zines will remain submerged in the bichromate, 
}and the lamp, X, will be lighted. In order to extinguish 
the latter, it suffices to press anew upon the button, B. 
As the brake block, F, is not in contact with the wheel, 
it will allow the crank, O L, to make a half revolution 
from L to L’ in the direction shown by the arrow, f/f. 
The extremity, J, of the lever, J K, being drawn down- 
ward, will lift the zines out of the acid solution. 

In order to change the depth of immersion of the 
zines, it is merely necessary to increase or diminish the 
travel of J K, and to do this it suffices to vary the 
radius of the crank, O L, by fixing the button, L, of the 
connecting rod in the apertures, R, R, Rs, ete., of OL. 

The Mareschal apparatus evidently offers a complete 
solution of the pooblon. but it requires the use of an 
auxiliary battery and constitutes a cumbersome appara- 
tus. Besides, it in nowise does away with the inconven- 
tery is to supply is not lighted. In order to remedy | iences of the single liquid battery—such as the chang- 
this trouble, the zine must be preserved against the ac-| ing of the liquids, the amalgamation of the zines, ete. 
tion of the acid by removing it entirely from the liquid; | Moreover, if it be desired to light a variable number 
hence the numerous models of batteries with a winch, | of lamps, it is necessary to proceed to the apparatus in 
the most widely distributed of which are those of Mr. | order to change the immersion of the zines, so that the 
Trouve. This arrangement necessitates the execution | lamps in circuit shall not be burned when the lighting 
of a contrary maneuver before lighting, that is to say, | is diminished, and so that the zines shall not be used 
the reimmersion of the zines in the liquid. As it is but | up at a pure loss in consequence of local action. 
very rarely that the batteries can be placed nearthe| Upon the whole, the ordinary single liquid bichromate 
lamps, it is necessary, before and after lighting, to| battery does not permit of the application of the elec- 
proceed to the room wherein they are located, and this, | 
under certain circumstances, may be impossible, or at 
least inconvenient, without any other source of light, 
or without a complicated mechanical transmission 
which is not very ornamental in an apartment. 

Mr. Mareschal has suppressed this inconvenience by 
devising an apparatus capable of effecting such opera- 
tions at a distance. This apparatus (Fig. 1) consists 
essentially of a device whose rotary motion communi 
cates toaroda rectilinear alternating motion down- 
ward for a half revolution and upward for the follow- 
ing half revolution. 

If, to this connecting rod, there be attached a piece 
connected with a frame carrying the zines, the first 
half revolution of the motor will, for example, remove 
the zines from the liquid; and if, at this moment, the 
motion of the revolving device be arrested, the zines One of the best known models is the eight-element 
will remain out of the liquid until the moment at which | battery of Mr. Radiguet (Fig. 3). In this battery it is 
the mechanism, being able to continue its motion, ! necessary to change the acidulated water of the por- 


> 


Fie. 1—MARESCHAL’S APPARATUS FOR. RE- 
MOVING THE ZINCS FROM BATTERIES. 


to doing away with the mounting and dismounting | 
of the elements—an operation that on each occasion | 
takes a relatively long time. 

1. Single Liquid Batteries.—Single liquid bichromate 
batteries possess the grave defect of discharging in open 
circuit, that is to say, the zine is attacked if it is dip- 
ping in the liquid, even when the lamp that the bat- 


the exigences of domestic lighting ; but without speak- 
ing of the application to medicine, it is very well 
adapted for decorative effects, one battery being cap- 
| able of supplying several lamps, provided that they are 
lighted at the same time. 

2. Batteries with Two Liquids.—Batteries with two 
liquids, that is to say, with bichromate and carbon, with 
acidulated water in the external vessel and zine in the 
porous one, have the great advantage of much di- 
minishing local action, and consequently the wear of 
|the zine. The internal resistance of the pile is increas- 

ed by reason of the presence of the porous vessel, and so 
these kind of batteries discharge less than the preced- 
ing. and permit of lighting but one lamp at once per 
sattery. 


Fie. 2.—DIAGRAM OF THE MARESCHAL APPARATUS. 


tric light to daily requirements, and does not satisfy all | 


The extrewity, | 


| 
| 


ous vessel several times before the bichromate solution 
is exhausted ; but if particular precaution be taken in 
the amalgamation of the zinc, it will be possible to 
leave the latter continually immersed in the acidulated 
water without any appreciable wear taking place in 
open circuit. Consequently, the battery is constantly 
ready to furnish light through the simple closing of a 
commutator. But, as we have just remarked, it is 
necessary to assure of as complete an amalgamation of 
the zincs as possible in order to prevent wear in open 
circuit. 

In order to fulfill this condition, Mr. Radiguet in the 
first — devised the arrangement shown in Fig. 3. 
The lower part of the zinc dips into a cup containing 
mercury, which gradually rises on the surface of the 
zine and prevents local action. Owing to this simple 
precaution, the zines are capable of remaining perma- 
nently in the acidulated water, thus permitting practi- 
eally of having light at any moment whatever. 

The keeping of this system in order is therefore re- 
duced to the renewal of the acidulated water every 
week or fortnight, according to the service required of 


Fie. 3—RADIGUET’S TWO-LIQUID BATTERY. 


the battery, and to the renewal of the depolarizer every 
four or five weeks. 

In order to render this system still more convenient 
and practical, Mr. Radiguet has devised some new ap- 
paratus, which do away with the replacing of the zine 
electrodes and the dismounting of the batteries, thanks 
to the adaptation of a special negative electrode and the 
use of a siphon, which is primed and unprimed by blow- 
ing, for the ehanging of the liquids. The ordina 
siphons are primed by suction. This method, whic 
is dangerous in the handling of acid liquids, has pre- 
vented its application to the maneuvering of batteries of 
large discharge. The Radiguet siphon (Figs. 4 and 5), 
permits of blowing with the mouth (without any fear 
of the liquids rising to the lips), or of employing blow- 
ing apparatus, such as rubber bulbs, ete., which, never 
being in contact with the corrosive liquids, last indefi- 
nitely. Fig. 4 represents a section of this siphon dip- 
ping into a vessel from which it is desired to remove 
the liquid. It consists essentially of two concentric 
tubes. One branch of the siphon is inclosed in a tube, 
B, of larger diameter, having at its lower part an orifice, 
smaller than the section of the tube, A. At its apper 
part, it is provided with an ajutage, D, connected with 
the bulb, F, through a flexible tube, E. When B is 
immersed in any liquid, the level in the tube, B, and 
the tube, A, is the same as in the vessel. Things being 
in this state, if the tube, B, be blown into, the pressure 
therein abruptly increases, and the liquid contained 
therein tends to escape through two apertures—the 
lower oritice of B and the branch, A, of the siphon,into 
which it is forced until the flow through A (that is, the 
priming) takes place. 

It is easy to see that the apparatus may serve for 
the complete or partial emptying of a vessel of any 
depth by causing the length of the tube and branch, A, 
to vary. If, when the siphon is in operation, it is de- 
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Figs. 4 anD 5.—RADIGUET’S SIPHON. 


sired to stop it, it suffices to blow ina volume of air 
greater than the capacity of the large tube, B. This 


air, forced through the tube, A, drives out the — 
contained therein and unprimes the siphon. It be 
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seep, then, that, through the same maneuver, it is pos: | 


sible at any moment to effect a flow or stoppage of a 
liquid, as conveniently as by the use of a cock, without 
having to touch the liquid, and whatever be the form 
and location of the vessel containing it. F , 

By means of this apparatus, then, it is possible, with- 
out disturbing a battery of piles or accumulators, to 
empty any element and wash it as carefully as may be 

sired. 
aepat the most original part of this new style of bichro- 
mate battery is undoubtedly the amalgamating support, 
for, as its name indicates, it permits not only of keep- 
ing up the amalgamation of the zines, but also of using 
(instead of pilates and cylinders of zine of determinate 
size) shavings, scrap of all shapes, or spheres prepared 
especially for this purpose. 

his electrode is formed as follows (Fig. 6). Into a 
eup of porcelain, or of any other substance not attack- 
ed by acid, there is put some mercury containing traces 
of zinc. Above this cup is placed a copper receptacle 
fixed to a hollow rod of the same metal. his is 
designed to receive fragments of zinc of variable form 
and size. The centra! rod constitutes the negative 
electrode, and contains apertures that permit of the 
free circulation of the liquid. Its diameter is greater 
than that of the cup, so that the sulphate of zinc may 
not fall upon the surface of the mercury and finally 
put an end to the amalgamation. 

In Fig. 6 the mercury cup is connected with the cen- 
tral rod through two strips of copper containing aper- 
tures into which passes a pin that likewise traverses 
the porcelain cap. In this way, all the parts of the 
electrodes are mechanically connected with each other 
and electrically with the mercury. 

If acidulated water be introduced into a porous 
vessel containing an electrode of this kind, the follow- 
ing phenomenon will occur: The mereury will rise 
upon the copper and zine, and rapidly cover them 
with a layer of mercury, which will soon protect them 
from the action of the acidulated water. If the circuit 
of the battery be closed, and it be made to discharge a 
current of norrual intensity, the amalgamation will pro- 
ceed during the operation. If the battery be made to 
discharge a very intense current, the mercury will soon 
disappear from the surface of the zinc; when the battery 
ceases to discharge, the mercury will ascend the sur- 
face of the electrode again and protect it against the 
action of the acid. 


Figs. 6 AND 7.—AMALGAMATING SUPPORT AND 
A BATTERY PROVIDED WITH IT. 


3. The Amalgamation of the Zine in Batteries.—From | 


the following experiment, due to Prof. Daniel, formerly | we exposed them to the ordinary outside atmosphere 


of the Central School, it is possible to give an explana. | 
tion of these phenomena, which, as faras we know, 


have hitherto been attributed to capillary phenomena | would certainly be more stable, supposing moisture 


not well understood. 

If.in a tube containing acidulated water, we place 
a drop of mereury, and through the tube pass a cur- 
rent of a certain intensity, the mereury will move along 
the tube in the direction of the current. There is a 
carriage of the mercury under the mechanical action 
produced by the current, and the velocity of the mer- 
eury’s motion isso much the greater in proportion as 
the current is intenser. 

Analogous phenomena must take place in Mr. Radi- 
guet’s battery. In consequence of the attack of the zine, 
and of the currents produced within the battery, a 
transfer of the mercury takes place. But, as the pellicle 
of mereury that has formed protects the metal upon 
which it has deposited from chemical action, the reac- 
tions can continue to occur only in the parts not yet 
amalgamated ; consequently, the mechanical effects of 
the internal currents of the battery cause the mercury to 
Tise progressively to the surface of the liquid, that is to 
Say, until the negative electrode is completely protect- 
— the mercury from the attack of the acidulated 

er. 

In support of this view, we shall cite a few experi- 
ments made by Mr. Radiguet, which are very easily ex- 
plained through the aid of the theory of mechanical 
effects of the current upon the mercury, while an ex- 
planation of them is impossible if we admit the effects 
of eapillarity solely : 

1. Ina glass vessel, let us place a plate of non-amal- 
gamated zinc, dipping below in a mercury cup, and let 
Us pourin pure water. The mercury, even after several 
weeks, will not have risen upon the zine. If intoa 
Vessel containing a plate of zine dipping in mercury 
we pour acidulated instead of pure water, the mercury 
will gradually rise on the surface of the zine and sto 
at the level of the liquid. These comparative experi- 
meats prove, evidently, that the actions of the acidu- 
lated water and zinc have an influence upon the amal- 
galation, since the ascent of the mercury occurs only 
in the case in which the zinc is attacked, and the mer- 
cury is deposited only upon the parts that have been 
ligula” since the ascent is arrested at the level of the 

°. Let us again take the vessel containing acidulated 
water and the plate of amalgamated zinc, then place 


therein a plate of carbon, and unite them by a metallic | 
| conductor without resistance. in a very short time, 

‘the layer of mercury will disappear and leave the zinc 

bare. If the zine and carbon be united by a resistant 

wire, the mercury will disappear much more slowly 

from the surface of the zinc. The two phaseg of this} 
new experiment are very easily explained. On connect- 
ing the zinc and carbon mechanically, we closed the 
circuit of this voltaic couple, and the current extended 
into the external wire from the positive to the negative, 
and, through the battery, from the negative to the posi- 
tive, that is to say, from the zine toward the carbon | 
(Fig. 7). Now, as the current is capable of carrying the 
molecules of mercury in the direction of its propagation, 
it tends to detach them from the surface of the zinc, 
whence they fall back into the cup beneath. 

3. If, in a vessel containing acidulated water and 
mercury, we place a plate of copper, the mercury will 
not ascend along it, because there is no chemical action, 
and consequently no energy capable of lifting the mer- 
cury. But, if we throw a bit of zine into the acidu- 
lated water, the currents produced will have the imme- 
diate effect of causing the mercury to rise on the cop- 
per up to the surface of the liquid. 

These few experiments show sufficiently what the 
actions are that must take place in the new element of 
Mr. Radiguet. Let us add that this view likewise ex- 

lains the almost indefinite duration of mercury in 

atteries. 

Upon the whole, in this element, the internal cur- 
rents, when any are produced, are utilized in the amal- 
gamation of the zines attacked, and that, too, the more 
quickly in proportion as the reaction is more ener- 
getic. 

Despite these yng improvements, direct light- 
ing by batteries with two liquids is not yet perfect. As 
it is possible to supply but one incandescent lamp per 
battery, the applications are necessarily limited to 
small spaces. Nevertheless, the improvements that 
we have pointed out are interesting to register, for it 
|is not very probable that, in the future, mechanical 

energy will be capable of being utilized for the lighting 

| of a single lamp, and this application, as modest as it is, 
| justifies the use of direct lighting by batteries. More- 
over, the combined use of the amalgamating support 
and of the siphon primer by blowing allows of the bat- 
teries being left mounted fora ee, long time, with- 
out appreciable wear in open circuit. The maintenance 
is very easy, since it suffices to throw zine serap into the 
vessel from time to time, in measure as it is consumed, 
just as we throw coal into a stove, care only being) 
taken to stir the upper fragments and to brush them, | 
now and then, with a hair pencil (like the pencils used 
by artists) in order to clean the surfaces of contact.— 
Le Genie Civil. 


(Continued from SurprPLEMENT, No. 689, page 11008.) 
LIGHT AND COLOR.* 
By Captain W. De W. ABNEY, C.B., F.R.S. 
LECTURE IV. 

WE have, in the three preceding lectures, seen how 
color is produced, and how it depends on three factors 
—the kind of light falling on to the substance, the 
kind of substance itself, and also the eye of the ob- 
server. 

To-night I have to endeavor to explain in one hour 
what ought to take four hours, and to show you how 
light acts in altering the color of pigments through 
what I may call mechanical means. A water color 
picture (I shall deal only with such) is exposed in the 
ordinary atmosphere of a room. Sometimes that 
room is without a fire}; consequently the atmosphere 
becomes more or less damp, and all absorbent objects 
take up moisture. At other times, when there is a 
certain amount of warmth, the moisture which the 
picture would take from the air is less; so that a 4 
ture is exposed to alternations of damp and dryness. Dr. 
Russell and myself concluded that it would be quite 
fair for testing the stability of water color pigments if 


and then traced the amount of fading which took 
place, remembering this, that a picture inside a room 


| had anything to do with a 
We prepared tubes, as in Fig. 1, perfectly open at 
each end, but with a small cork in the unbent end, the 


Fic. t. 


c 5) 


cork being pierced with a large hole. A current of air 
could pass throughout the tube when hung ona bar 
by the bend and exposed to the sunlight. Inside each 
tube were strips of paper, covered with a pigment 
which had been tinted by hand in graduated tints 
(such as you see here). There were eight tints in all. 
One such strip was placed in one end of the tube and 
another in the other. The lower half of the tube was 
eovered with an opaque covering, so as to protect it 
entirely from the light, and the other was left free to 
the sunlight. By and by I shall show you why it was 
we deliberately chose sunlight to which to expose our 
water colors. From theoretical considerations we ar-| 
rived at the conclusion that fading would take place 
| in a shorter time in sunlight than it would do if we ex- 
posed it to the open sky alone. 

In such a series of tubes, containing in all somewhere 
about 100 colors—39 being simple colors,the others being 
mixed colors—were exposed. The first reading of the 
amount of fading was taken in August, 1886,or after four 
months’ exposure, and we found that in many of the 
colors fading had taken place to a certain extent, al- 
though perhaps not to so large an extent as might 
have been anticipated. From time to time after that 
date the tubes were examined, and the amount of fad- 
ing noted, our notes showing the deepest tint which 
was visibly acted upon. Finally, we were obliged to 
conclude our experiments, owing to the impatience of 
certain gentlemen who were anxious to get the results 
we had obtained, apparently for their own advantage 
rather than for that of the public. We thus stopped 
our first series of experiments in March of last year, or 
after these tubes had been exposed about one year and 


nine wonths outside my laboratory at South Kensing- 
ton. 

In these: tubes, then, we had the ordinary atmo- 
sphere, to which moisture and air had free access. If 
the tube got the least bit heated, a current 
through it, much in the same way as would the 
ease in a chimney. The great point to settle was 
whether the fading which we knew must take place, 
and which we su uently noted, was due to the air it- 
self, or to the air p/us moisture, or to moisture alone. 
In order to test that, we passed air over various drying 
materials, dried the papers and tubes very thoroughly. 
The papers were then nape in straight tubes sealed 
at one end, and when filled with dry air the other end 
was sealed off, and they were exposed to sunlight, one 
paper being shaded from it as before. In the case of 
the open tubes, we found out of 39 simple colors, only 
12 were not acted upon ; and in Table J. you have the 
39 single colors in the order of their fugitiveness. 


TABLE L 
Carmine. Permanent blue. 
Crimson lake. Antwerp blue. 
Purple madder. Madder lake. 
Scarlet lake. Verwilion. 


Emerald green. 


Payne's gray. 
nt umber. 


Naples yellow. 
Olive green. 


Indigo. 
Brown madder. Yellow ocher. ) 
Gam boge Indian red. 


Venetian red. 
Burnt sienna. 
Indian yellow. Chrome yellow. 
Cadmium en. Lemon yellow. 
Leitches blue. Raw sienna. . 
Violet carmine. Terre verte. 
Purple carmine. Chromium oxide. 
Violet carmine. Prussian blue. 


Vandyke brown. 
Brown pink. 


Show no change. 


Purple carmine. Cobalt. 

Sepia. French blue. 
Aureolin. Ultramarine ash. 
Rose madder. 


Vermilion is ordinarly sup not to change at all, 
but, as a matter of fact, it does change, and in every 
sample there has been a little blackening. Those last 
on the list, yellow ocher, Indian red, and so on, show 
no change whatever after being exposed to as much 


|sunlig.t as there was in one year and nine months. 


They remained perfectly unaltered, and, if you begin 
with rose madder (all below which may be said to be 
practically permanent), you have a very good gamut 
on which an artist could work in water color. 

In the closed tubes with dry air, out of thirty-eight 
sample colors which were exposed, twenty-two were 
not acted upon, so that it is evident that moisture had 
something to do with the fading of some. 


TABLE II. 

Name of Color. Dry Air. 
Crimson lake............ Gone to 5. 
Searlet lake.............. Faded and darkened. 
Vermilion...... Gone black. 
Rose madder ..........: No change. 
No change. 
No change. 
Venetian red............. No change. 
Brown madder.......... Fadeéd to 4. 
Burnt sienna............ No change. 
No change. 
Chrome yellow.. .. .... No change. 
Cadmium yellow......... No change. 


Yellow ocher............ No change. 
Naples yellow......... . No change. 


Indian yellow........... Faded to 4. 
Raw sienna.... ......... No change. 
Emerald green........... No change. 
Chrom. oxide............ No change. 
No change. 
Autwerp blue ........... Faded to 3. 
Prussian blue... .. Faded to 5. 
Faded to 7. 
French blue............. No change. 


Ultramarine ash......... No change. 


Leitches blue.. .... ... Faded to 5. 
Permanent blue......... No change. 
Payne's gray............ No change. 
Violet carmine.......... Faded and brown. 
Purple carmine ... ..... Faded. 

Purple madder.......... Faded to 4 

sion No change. 
Vandyke brown......... V. sl. faded. 
Burnt umber............ No change. 
Faded to 4. 


Nors.—Si. means slightly ; V. sl. means very slightly ; No.1 is the 
faintest tint. 


The next series was interesting. The same kind of 
tube was taken and filled with hydrogen, and also with 
as much moisture as the hydrogen and paper would take 
up. The tubes were then sealed and exposed to the light 
approximately for the same length of time as the other 
tubes. As a matter of fact, out of thirty-six colors 
twenty-two remain unchanged, the same as before. 
Hydrogen, I may say, is partially an inert gas for this 
pur , a8 we proved subsequently. 

Then we come to the most interesting series of all, 
when we excluded air and moisture from the water 
colors. We took exactly similar tubes, dried the papers 
very carefully indeed, dried the tube, inserted the 
papers, put a Sprengel pump to work, and made a 
vacuum, and then when the vacuum was very complete, 
sealed off the top and exposed them. 


* Lectures recently delivered before the Society of Arts, London, From 
the Journal of the Society. 
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TABLE III. 
Name of Color. Vacuum. 
: 
Crimson lake........ .........+.... No change. 
Scarlet lake........................ No change. 
Rose madder... ........ ......... No change. pee 
air Madder lake............... ....... No change. ab 
his Indian red..............++........ No change. 
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Name of Color. Vacuum. 
Burnt sienna ........... No change. 
ees . No change. 
No change. 
Cadmiuin yellow............ «+ ... No change. 
Yellow ocher........ No change. 
Lemon yellow....... No change. 
Naples vellow........ No change. 
Indian yellow......... No change. 
Raw sienna.......... Sl. darkened. 
No change. 
Olive green....... No change. 
Antwerp blte....... No change. 
. V.sl. faded. 
Indigo blue...... No change. 
French blue........... NO change. 
Ultramarine ash No change. 
Leitches blue....... bavkdaadubeien . No change. 
Blue. . No change. 
. SL darkened. 
Purple carmine...... ees Sl. darkened. 
Purple madder......... Kent . V. sl. gone. 
Vandyke brown........ No change. 
. No change. 
.... No change. 
Indian vellow and rose madder.... No change. 
Rose madder and raw sienna...... No change. 
Raw sienna and Venetian red..... No change. 
Vermilion and chrome yellow...... More yellow. 
Burnt sienna and Naples yellow... V. sl. faded. 
Indigo, Indian yellow, raw and 

Indigo and gamboge ............ Crone blue. 


. Gone green. 
CGione red. 
Gone brown. 


Prussian blue and gamboge .... 
Burnt sienna and Antwerp blue 
Raw sienna and Antwerp blue.... 
Prussian blue, raw and burnt 

sienna, and Indian yellow .... 
Prussian blue and burnt sienna. ... 


Gone brown. 
Gone brown. 


Indigo and Vandyke brown........ Faded. 
Prussian blue and burnt sienna. ... Gone brown. 
Prussian blue and raw sienna ..... Gone red. 
Indigo and raw sienna ........... . No change. 


. No change. 
No change. 
Gone brown. 


Indigo and burnt sienna 
Indigo, raw and burnt sienna 
Prussian blue and Vandyke brown 


Indigo and Venetian red ......... No change. 
Prussian blue and Indian red..... Gone red. 
Indigo and Indian red........ .... No change. 


Prussian blue and crimson lake... Gone pink. 
Antwerp blue and crimson lake... Gone pink. 
Indigo, Venetian red, yellow ocher No change. 
Prussian blue, yellow ocher, Vene- 
tian red .... Gone red. 
Note.—Sl, means slightly ; V. No.1 is the 
faintest tint. 


el. means very slightly ; 


We here arrived at the very interesting fact that out 
of thirty-nine simple colors which were exposed, only 
five were acted upon in the very least, and the amount 
of change was so slight that you might almost say every 
color remained perfectly unchanged in vacuo. The 


five that were changed were vermilion (which went | 


black to a very slight extent), raw sienna, Prussian blue, 
purple madder, and sepia. 
as one of the most permanent pigments; asa matter of 
fact it is fugitive, and those who have examined sepia 
drawings made in the early part of the century will 
see there has been certainly a distinct fading of those 
drawings. By the process of exhaustion, we arrived at 
the fact that it requires both moisture and air to cause 
the fading of these pigments. 

Now the question arose—Would heat without light 
cause the fading of pigments? Where they were ex- 
posed to sunlight it might be surmised, pevhaps fairly, 
that in the sunlight, which we know has a heating 
effect, the fading might be due to this cause in the 
open tubes. 

This could not be the case in the closed tubes, as in 
them the colors did not fade. To test the action of 
heat alone, we took tubes in which the papers were 
sealed up with moist air, and exposed them for three 
or four weeks, at the temperature of boiling water, in 
the dark. There was a certain amount of fading in 
these colors, but I need scarcely say that the fading 


We are apt to look on sepia | 


| 


was small, and also that the temperature to which they | 


were exposed was something far beyond that to which 
colors in our open tubes were subjected. 

If you put a thermometer up one of the open tubes 
when it is in full sunshine, the difference between the 
temperature of the airinside it and the air outside 
only varied between three and four degrees. That 
was simply due to the fact that there was a draught 
created up the tube, as already pointed out. 

But another point, and a very fair point for the 
critics to take hold of, is this. It is all very well to say 
light alone causes fading, but how about light and heat 
together. Would not the heat aid the light ? This pos- 
sible criticism was combated, | hope in a successful 
way. A certain series of pigments were taken and ex- 
posed on a vessel containing boiling water ; another 
similar paper was exposed to the sunlight free, that is 
to say, without the presence of the boiling water. In 
some few cases the fading was rather more rapid, in 
others less, and you will very readily see why, in some 
cases, it was rather less rapid. You require moisture 
plus airin order to cause fading, and if you heat the 
paper of course you take away part of the moisture— 
one of the agencies which are conducive to fading. 
But the difference between those exposed on boiling 
water and those exposed without was so small that you 
might take the action of light plus heat as equivalent 
to the action of light alone. 

Tnere was another experiment we bad to try, and 
that was which were the rays which caused the fading. 
I have shown you in my previous lectures that beauti- 
ful band of color we call the spectrum. I dare say you 


noticed that the beam of light which passes through 
the slit to form the spectrum is uncommonly narrow ; 
for accurate experiments we should not use it more 
than 1-1000 inch wide, and that has to be spread out 
into that band of colors, so that reall 

strikes upon the screen is very feeble 


the light which 
indeed, If we 


| the atmosphere of a room. 


had attempted to expose some of these pigments in the 
spectrum, we should have had to expose them for some 
thousands of years, and as life is shorter than this, 
we thought it was better to take some other means of 
arriving at the conclusion as to what colored rays were 
the active agents ; so we adopted a method which per- 
haps, may be called crude, but I do not think it is crude 
when you know how you are going to work. We ex- 
posed slips of paper beneath colored glass—red, blue, 
and green, and also white. Here are sowe of the pig- 
ments which were actually exposed. We got the re- 
sults as shown in Table IV. 


and moisture are sufficient for the fading of water color 
pigments, and that it is not absolutely necessary that 
there should be light present in order that this fading 
may take place. Now, as before said, you are supposed 
to have more ozone at the seaside than inland. It ig 
therefore a matter for consideration whether it may 
not be the fact that water color drawings fade more 
rapidly near the sea, where there is more ozone pres- 
ent, than they would do inland. That is a question | 
am not going to touch upon now, but when we make 
a subsequent report no doubt that will be brought for- 
ward prominently. 


TABLE IV. 
White, Blue. Green. Red. 
Purple Madder... ... Faded to2.......... $0 
Violet Carmine .......|Faded to 1.......-.. to 
Indigo experiment... .. ..|/Faded tol............ Sl. faded. 
Prussian Blue.........|No experiment......../Sl. faded.............. = V. sl. faded. 
Rose Madder......... — 
(2 experiments.) 
Brown Pink........... No experiment........|Faded to3..... 
Crimson Lake. ....... No experiment........|Faded............ SIL. faded. 
Carmine.......... . .--|No experiment........ Faded to 8, .......,. 
Indian Yellow.........|No experiment........ No change..... 
ccc Become lighter ....... Become lighter....... 
COLORS MIXED WITH CHINESE WHITE. 
Antwerp Blue.........|No experiment... ....|Bleached............ -- 
Prussian Blue. ....... No experiment ..... 
Burnt Sienna.........'No change............ No change....... 
Gamboge....... experiment......../Sl. bleached.......... 
Indian Yellow........ No experiment.... . |Sl. bleached.......... 
Vandyke Brown...... \No experiment........ Bleached........ 
Brown Pink. ..........No experiment....... Bleached to 3........ 
Crimson Lake...... ....No experiment........ Bleached to3... ..... _ Sl. faded. 
experiment ....... Bleached to 3........ 
Vermilion.............|Blackened ....... under 1 
Rose Madder........ .. SL. bleached...... ly sl. bleached....... 
Violet Carmine........ Bleached to No. 1Same as under white 
and darkened to 2  glass....... ....... = 
| and 3 | 
Payne's Gray........ Bleached to 1...... ... Become bluer........|/Become bluer........ 


Note,—SI. means slightly ; 


We exposed 39 or 40 simple colors besides compound 
colors, and I want you to notice how very few faded in 
the green, in the red less than the green, but a very 
great wany more under the blue glass than under either 
of the othertwo. You will see that the blue and the 
white were almost equally effective. Had a certain 
proportion of the blue rays in the white light been 
eut off by the glass, practically those two columns, 
white and blue, would have been identical. Under 


the red and green glasses the fading of the few pigments | 


which succumbed was so small that it required a prac- 
ticed eye to distinguish it. 

Now I will read you some conclusions we came to 
with regard to the fading of water colors: ‘* Mineral 
colors are far more stable than vegetable colors, and 
among those colors which have remained unaltered, 
or have very slightly changed after an exposure to light 
of extreme severity, a good gamut is available to the 
water color artist. The presence of moisture and oxy- 
gen are in most cases essential for a change to be ef- 
fected, even in the vegetable colors. The exclusion of 
moisture and oxygen, particularly when the latter is 
in its active condition, as experiments to be described 
in our next report show, would give a much longer life 
even to these than they enjoy when freely exposed to 
It may be said that every 
pigment is permanent when exposed to light in vacuo, 
and this indicates the direction in which experiments 
should be made forthe preservation of water color 
drawings. The effect of light on a mixture of colors 
which have no direct chemical action on one another is 
that the unstable color disappears, and leaves the 
stable color unaltered gee Our experiments 
also show that the rays which produce by far the great- 
est change in a pigment are the blue and the violet com- 
ponents of white light, and that these, for equal illumi- 
nation, predominate in light from the sky, while they 
are less in sunlight and in diffused cloud light, and are 
present in comparatively small proportion in the artifi- 
cial lights usually employed in lighting a room or gal- 
lery.” 

Now, it has been said that moisture and oxygen are 
essential for the fading of water color pigments. Is it 
possible that they can fade without fight ? I think 
here we have an absolute proof that such is possible. 
I have here astream of oxygen passing through this 
tube in which are some papers coated with pigments ; 
half of each paper has been damped and the other half 
is dry. In connection with this tube is an ozone gen- 
erator, and a Ruhmkorff coil produces ozone, or the 
active state of oxygen, which is said to be particularly 
present near the sea. In this frame [shown] you have 
a series of colors which have been exposed to moist 
ozone. A great many are bleached entirely, thus prov- 
ing, if you have ozone and moisture together, you get 
a bleaching without the presence of light at all. Here 
are some papers which were exposed to moist ozone be- 
fore the lecture, and you will be able to see the amount 
of fading that has taken place. I think they were ex- 
posed for about ten minates. In the exawpleof indigo 
the bottom part was damped and the top part left dry: 
the first halt has faded, the other has not. In carmine, 
too, you will see that where it has been damped the 
color has entirely gone; the dry rt is much less 
changed. Wecome then to the conclusion that oxygen 


V. sl. means very slightly; No. 1 is the faintest tint. 


We have seen the results of light, and I wish to show 
you how it is that light acts upon matter. Matter is 
formed by wolecules, or very minute particles, far be- 
yond the vision of the best microscope that was ever 
made; you can only reason and argue about them 
from the circumstantial evidence which nature from 
time to time puts before us. The molecules them- 
selves are composed of atoms. ‘hus, in the molecule 
of water it is supposed there are two atoms of hydrogen 
and one of oxygen. Each molecule is presumably of 
identical shape, and size, and composition. There 
| has been a certain amount of evidence brought for- 
| ward that perhaps some molecules of the same kind 
|of matter are rather bigger than others, but to my 
mind such evidence is incomplete, and I cannot ac- 
cept it. At any rate, as a rule, we may take it that 
the size of the molecule is the same for the same 
species of matter; that, for instance, all water mole- 
|cules are the same size and composition as are those 
| which go to form the molecules of these pigments we 
are considering. 
| 1 want to give you a homely notion of what a 
| molecule is like, and how we may suppose the atoms 
| vibrate. I have here a little cell of water, through 
| which a beam of light can be thrown. Around this 
cell of water I can cause a current of electricity to 
| pass through a coil of wire. When you have a cur- 
| rent passing there is a certain amount of magnetism 
| produced which repels magnetism of the like kind. 
|I have here some little needles which are magnet- 
ized, and inserted in small bits of cork by one end, 
the same poles being in the corks. The corks will 
float on the surface of the water, thus supporting the 
needles. Now, if we float some of these little mag- 
nets in the water, they will repel each other and tend 
to go farther apart, the reason being that magnetism 
of the same kind repels. Now, if 1 turn on the cur- 
rent in the wire passing round the cell you will see that 
they are found to approach one another, and as I move 
the wire up and down, they alternately approach to 
and recede from one another. 

You wust recollect that at the same time that these 
atoms are vibrating one toward the other, the mole- 
cules themselves are vibrating to and fro from one an- 
other, so that we have vibrations of the molecule and 
vibrations of the atom. Now I have told you that the 
waves of light vary in length; the red waves are the 
longest, and the blue waves are the shortest, and as 
they all travel at the same speed, the time of oscillation 
of the red wave is longer than the time of oscillation of 
the blue wave. We may take it that the oscillation of 
awolecule is slower than that of an atom, and it is 
much more likely to be isochronous with a wave of red 
light than it would be with one of blue light. Similar- 
ly, the waves of blue light are much more likely to be 
isochronous with the time of oscillation of the atoms 
than the molecules, and, as a matter of fact, such we 
find to be the case. 

Now let me give you another homely example of what 
we mean by oscillation on the part of an atom ora 
molecule. You can quite understand, I think, that if 
you have a body oscillating to and fro from another 
body, both of which attract one another, if you in- 
crease the oscillation, a time comes when the attraction 
between the two is so small there is a great tendency 
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for them to fall apart. If there is another body at 


hand which is willing to take up one of those atome— lie 


which has a great affection for such atom—it will take 
hold of it, and bring it to itself. The bob of this 
pendulum, which is of iron, is supposed to be an atom 
swinging, and behind it there is a magnet. By blow- 
ing at the same rate as the pendulum vibrates I can in- 
erease the amplitude of that oscillation until I get upa 
swing so great that, eventually, the attraction of the 
magnet for the bob of the pendulum is greater than 
the force of gravity, and it reaches the magnet and 
is held by it. This very simple experiment teaches us 
a lesson. Here we have an atom swinging away, we 
will suppose, from another atom of something. My 
breath timing itself with the swing may be taken as 
the oscillation of a ray of light. The wave of light 
perpetually beating on the atom will increase the 
amplitude of swing of that atom so greatly that if 
there is another body near it which will take up the 
atom, it leaves the original atom for it. When sucha 
rearrangement of atoms takes place, we say that a 
chemical action has taken place, that is, that light is 
able to decompose a molecule by robbing it of some of 
its atoms, and giving them to another body. We get, 
then, by the decomposition new molecules formed, and 
consequently new matter, and such a new body may 
be in the shape of a faded pigment. 

Throwing a spectrum on the screen, I put a layer of 
pigment in front of the slit, the light passes through it, 
and we get, as you saw by previous experiments, some 
color taken away from the white light, and the other 
colors left behind. In the case before us the red and 
the green and the blue are left, but most of the green is 
eut off. I will put another substance (permanganate 
of potash) in front, which gives a beautiful absorption 
spectrum, and there are a number of dark bands in it. 
If | take the iron salt which I used in the experiment in 
weasuring the quantity of light which came to galleries 
of South Kensington, vou see that it cuts off the blue 
almost entirely. You can see, then, that these various 
solutions cut off a certain amount of color from the 
spectrum. Now the question is this, What becomes 
of the rays that are cut off? The whole principle of 
the chemical action, and the heating effect of light upon 
pigments, is answered by the answer to that question. 

It is this. Where you have an absorption of light, 
there you have work done upon the body on which it 
falls. In that permanganate of potash, for instance, 
which you saw gave a fine spectrum, the rays missing, 
which gave the black spaces, were doing work on 
it. They were heating up the permanganate of pot- 
ash, or chemically changing it into something else. 
You cannot have work done on any body unless there is 
absorption by that body. You understand what I 
mean by absorption—the cutting off the light by the 
body. When there is chemical action taking place, the 
work done is the swinging the atoms away from eac 
other, when heating effect takes place the molecules are 
swung further apart from one another. I hope I have 
made clear to you that my view is that whep you have 
chemical action taking place, the absorption takes 
place in the atoms; when it is a heating effect which 
takes place, it is the molecules which are acted upon, 
and made to jostle each other more vigorously. As far 
as chemical action is concerned we have a very familiar 
example in photography. I am going to develop a 
spectrum for you. This has been done before in this 
room by myself, but as there are many here who have 
not seen the experiment, I think it might be as well to 
repeat it. |The photograph of the spectrum was de- 
veloped.| The paper was covered with bromide of 
silver, and if I place a slab of bromide of silver in front 
of the slit, you will see that the absorption exactly 
agrees with the locality where chemical action has 
taken place. 

Now I have another experiment to show you, and 
that is the heating effect of radiation. I have here a 
little instrument called a thermopile, which consists of 
strips of two metals soldered together at one end. If 
the junction be heated, a current of electricity will pass 
through wires attached to the other ends when joined ; 
and if a galvanometer is in the circuit, the galvano- 
meter needle will be deflected. By means of a wir- 
ror attached to the needle, which will reflect the 
light from a lamp on toa scale behind, I can show you 
the deflection. I now form a very small spectrum, 
and cause different parts of the spectrum to fall on 
the junction of the metals. The needle deflects very 
slightly with the blue, showing that the heating ef- 
fect is small ; as it gets toward the green and travels into 
the yellow the deflection is greater, and when we get 
into the red portion it is again more. At the very limit 
of the red the deflection is greater still, and outside this 
color and in apparent darkness we see that the light on 
the scale travels further still, showing an increased 
heating effect. Thusan invisible part of the spectrum 
which lies beyond the red heats this junction of the 
two metals more than any part of the visible spectrum. 
We have here a proof that not only the rays which 
cause the sensation of light have a heating effect, but 
that we also have a heating effect due to dark rays 
which are not visible. 

We have now had proof that light is capable of 
causing chemical action, and also that it is capable of 
heating a body on which it falls. If light acts only on 
the molecules, it heats the body ; if it swings the atoms 
further apart, the probability is that there is a chemical 
decomposition taking place. Those dark rays might 
possibly have had a chemical action on these pigments 
which were exposed in our tubes, but it was not pro- 
bable. You see now the reason why we made experi- 
ments with light plus heat. I told you we ex the 
pigments on paper against a vessel of boiling water to 
see whether the decomposition was accelerated. It was 
possible that these dark rays might have heated up the 
paper an ong heating action aided 

cal decomposition the 
an I want to call your attention for a minute to 
of d anne Pie. 2), which represents the heating effect 
mi ent sources of light. he height of a curve is a 
mee — of the heating effect. The curves on the right 
rior . — line show the energy of the dark 
pos e on the left the heating effect of the visible 

pectrum is shown. The heating effect (which is a 
measure of the energy) of the dark rays is very much 
— than the heating effects of the rays which lie in 
i you see whata uliar 
Jagged curve it has. The jagged indentations 1 mean 


that some of the visible and dark rays of the sun, which 
in it, penetrating our atmosphere, are partially cut 
off by something, that something being water. These 
rays are absorbed by the water particles, and vaporize 
them. The vapors, on being chilled again, condenses in- 
to clouds, and so we have a constant succession of aque- 
ous vapor and clouds. I also want you to notice the 
enormous disproportion there is in the energy of the 
dark rays to visible mee in the ineandescence light, as 
compared with sunlight. You see the incandescence 
light has very little heating effect in the visible spec- 
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trum, and a very large effect in the dark part of the 
om. The same applies to gas light and candle 
ight. 

In estimating the chemical action of radiation on a 
body, there are two factors to be considered, the intens- 
ity of the radiation acting and the time during which 
it acts. This is very important. Thus if a certain 
colored surface be exposed to a radiation whose in- 
tensity we may call 100, which bleaches it in one hour, 
then if a similar colored surface be exposed to intensity 
1, it will require 100 hours’ exposure to effect the same 
amount of Tieachine. There is an idea abroad that if 
the light be very feeble, no matter what length of ex- 

ure be given, it will not effect a bleaching ; this, 
1owever, is not the case. The same proportion of the 
total energy absorbed by the body which, with intense 
radiation, effects chemical decomposition, on exposure 
to feeble radiation is doing the same kind of work. We 


h| may say, briefly, that the deductions from scientific 


experiments lead us to believe that if strong light 
causes fading, a feeble light will do the same, if the ex- 
posese to it be prolonged. The pendulum experiment, 

think, fully illustrates what I mean. I will give youa 
rather fuller illustration, however. The amount of in- 
creased swing that light can give to the atom means an 
increase in the amplitude of a wave, and the amplitude 
of a wave in the sea is the height from the crest to the 
trough. Suppose we havea heavy church bell hung 
without friction on its supports, and without any re- 
sistance to its motion, and suppose it to make a com- 
plete swing once asecond. Suppose also that at the 
end of the bell rope there was a small horizontal plate, 
and at intervals of a second a thousand grains of water 
fell from a fixed height on the plate. The bell would 
gradually oscillate ; the bell would be like this pendu- 
lum, and finally it would oscillate so greatly that the 
bell would ring. Now, if instead of 1,000 grains falling 
from the same height, we had but one grain falling 
every second, it would take 1,000 times longer before 
the bell rung; or if the weight were ;¢y5 of a grain, it 
would take one million times as long before it rung. 
The work done by the dropping water may be looked 
upon as the work done by the amplitude of the wave of 
light on the atom, as it, too, moves without friction 
and without resistance. 

As to the light which pigments in water color draw- 
ings are ordinarily exposed to, afew remarks may be 
made. There is no doubt that pictures as a rule are 
carefully protected from direct sunlight, but it is never- 
theless true that the greater portion of the light they 
receive is reflected sunlight. On a bright day the 
clouds reflect sunlight, and on a dull day the diffused 
light is also sunlight, which is reflected according to 
the laws of geometrical optics, and a large percentage 
reaches the earth from the clouds. There is also a fair 
proportion of light from the sky; this is bluer than 
that reflected or diffused from the weakened sunlight. 
In cases where the windows of a gallery are in vertical 
walls, which is the wost ordinary case, and have an in- 
terrupted view of the horizon, the blue light reflected 
is seg od small, the light near the horizon 
being distinctly more like sunlight than that nearer to 
the zenith. In galleries lighted like those at South 
Kensington the light comesfrom above. The artificial 
lights to which water colors are exposed are gas light, 
electric are and incandescent lights. The first and last 
are very deficient in blue rays (see Fig. 3). You see, 
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for instance, how deficient gas light is in blue rays 

compared with sunlight or blue sky. Blue sky, you | pose 

will notice, possesses hardly any red light whatever. 
Now I think you will see w Ae were justified in 

exposing our pigments to sunlight 

If you know the amount of blue rays that are 


instead of 
any 


mitted through the red glass, very slightly through 
Had the fading of the 


particular light, and the amount of work such rays are 
capable of rforwming, it is quite fair to translate the 
action which one source of light has upon a pigment 
into the amount of effect fiom a different source of 
light. That is to say, if I know what action sunlight 
will have upon a pigment, then from diagrams such as 
the above we can calculate the amount of action which 
skylight will have, and also the gas light, whether the 
intensities of the total light are the same or different. 

It is now necessary to explain to you how it was that 
we came to use three kinds of ype for our experi- 
ments to see which part of the spectrum was most 
effective. 

Asa preliminary, I should like to show you thata 
pigment may be very rapidly acted upon, although 
apparently perfectly inappreciably to the eye. I have 
here two transparent films which were treated with two 
dyes. Those two films were exposed behind a trans- 
parent cross to the electric light for ten seconds, and 
were then floated over with silver and a developer. 
From previous experiments we knew that where these 
particular dyes had been acted upon by light there 
silver would be deposited on them, and I think you 
will see ‘that these two show that such is the case. 
The first film was dyed blue originally, and you will 
see where the light has acted the silver has deposited 
upon it. Here is another film, originally red, on which 
the same thing occurs. I want you to lay this thing to 
heart. Do not think that because an object does not 
visibly fade ina year that, therefore, it has not begun 
to fade at all. year to one pigment may be the 
same as 80 seconds to another pigwent, and if you ex- 
pose pigments for a year which will only fade as much 
as that particular pigment faded in 30 seconds, then, 
applying this silver salt, you will probably get exactl 
the same action after a year’s exposure as you did with 
that shorter exposure on the more fugitive color. 

One more experiment. Here I have a piece of paper 
which has been impregnated with silver salt, and has 
also been dyed with a color. I want to show you that 
the smallest action of light on this particular color will 
cause the reduction of silver salt. I am going to ex- 
pose the paper to the spectrum for 10 seconds. [The 
paper here was developed.] You see in this case that 
we have a black band ee gee to the absorp- 
tion spectrum of the dye with which it was dyed. 
This band is absent where the silver alone without 
the dye is acted upon. The dye has been acted upon, 
jand thus caused a reduction of silver to'take place 
| where it has been altered, although such alteration is 
perfectly invisible to the eye. 

Now I can show you why we chose red, blue, and 
green glasses for our experiments. I want you to 


FIG. 4. 


notice the different parts of the spectrum that these 
particular glasses absorb. Pasing the glasses through 
the spectrum, the red glass allows the red, ard a little 
bit of yellow and green, to pass. With the green glass 
a great deal of the red is cut off, and all of the violet. 
With the blue glass you will see that a great deal of 
the red is cut off. Thus, in the case of the blue glass 
we have the blue principally left, and in the case of 
the red glass we have the red principally left. Now, 
suppose I put the red glass and the blue’ glass together, 
what would happen? We only ought to have a bit of 
the red of the spectrum left, and if I put the green 
glass with these, we ought to have nothing left, which 
is the case. In other words, the rays transmitted by 
those three glasses make up the whole spectrum, so 
that when using those wejare utilizing the rays of every 
part of the visible spectrum. It was for this reason we 
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chose those particular glasses through which to ex- 
our pigments. Fig. 5 shows the heating effect of 
the light after passing through the different glasses. 
Notice the dark rays. They are nearly entirely trans- 


the blue and green glasses. 
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colors we have examined been due to the dark rays, it 
ought to have been shown beneath the red glass far 
more than under the green or the blue glass. This was 
not the case, as a reference to Table IV. will show. 
We may therefore say that the blue, violet, and ultra- 
violet rays are those which are by far the most active 
in producing a change in the pigments with which we 
have experimented, 
I may say a word or two about the exposures we 
ave, and the results deduced. We exposed between 
ay, 1886, and the middle of August, and we found 
that during that time these pigments had 705 hours of 
bright sunshine. That bright sunshine we reduced to 
so much sky light, and the total amount of effective 
sky light received in that time was 1,700 hours. Allow- 
ing for overcast skies, and for blue sky light and sun 
light, we find that these pigments had an average of 
2,225 hours of average of blue sky—or, roughly speak- 
ing, 2,500. Wetmay now go on a step further, and cal- 
culate the amount of illumination which a picture 
shown in a gallery such as those at South Kensington 
would have during the same period. There is no di- 
rect sunlight, and making calculations from photome- 
tric observations, and seeing how much light came into 
the gallery, compared with that outside, we came to 
the conclusion that to have the effect on these pig- 
ments in the galleries which took place in the sunlight, 
we should have at least 32 years, supposing the light 
was a equally bright to that between May and 
August. ut we know it is not equally bright, and we 
came to the conclusion that it would take 100 years to 
tthe very little fading such as we got outside the 
aboratory in four months 
Now let us see what would happen to a pigment sup- 
posing it were exposed to gas light. Calculating the 
amount of blue light in such light, and also the total 
illumination in the gallery in question, we found it 
would require at least 2,000 years of continuous expos- 
ure for the same amount of effect to take place as oc- 
curred in the four months of sunlight exposure. After 
an exposure of one year and nine months, we have the 
astonishing result that to obtain fading of the same 
amount in the colors exposed, it would have taken 485 
years of average daylight in the galleries to have got 
that amount of bleaching. If we had ex d it con- 
tinuously to gas light, the time required is almost in- 
credible to believe, viz., 9,600 years. With these facts 
before us I think you will say it is not at all surprising 
that we chose to use sunlight instead of any other 
source of light for our experiments. We wished to 
have whatever credit might attach to tracking out the 
cause of the fading. I am afraid that neither Dr. Rus- 
sellnor myself is good for 480 years, and therefore we 


the floor foot rest. Behind hima pulley weight attach- 
ment is located with both ropes of the weights attached 
to a small, round, wooden bar. He takes hold of this 
bar, and while holding it with stiff arms draws the lines 
in a semicircle over his head to his hips, as far as his 
arms will reach, and then allows the weights to pull his 
arms back again through the same space, thus building 
up the muscles of his chest, sides, and back arms. If he 
wants to lift his front chest more than it is lifted by his 
leaning against the curved board, he draws the pulley 
bar down ina straight line close by his face to his hips, 
and then, holding a stiff arm and reaching up and back, 
allows the weights to draw his arms back of his head, 
thus stretching the muscles in the front part of his 


uarter Circle—Developing 
@ the Muscular Chest. 


body, and lifting the lower front part of the chest. An- 
other apparatus soon to be seen in the gymnasium to 
serve the same purpose is a concaved board instead of a 
convex board, with pulley weights and attachments rig- 
ged in the manner above described behind it. It is claim- 
ed that this new board will very soon take the place of 
the quarter circle and old style sternum elevator in all 
sanitary gymnasiums where prescription exercises are 
the features. 

What is known as a chest, back, and arm developing 
inclined plane in a measure serves the same purpose as 
the sternum elevator and y ge! circle. This machine 
isa plane of wood about 2 ft. wide, 2 in. thick, and 8 ft. 
long, inclining at an angle of 45 degrees, more or less, 
on two wooden runs. At thetopof the plane on either 
side two pulley blocks are located, through which ropes 
are run and fastened to the center of the plane, which 
is so arranged that it may slide up and down on the 
wooden run. The operator lies flat out on this wooden 
plane, and, reaching his hands up over his head, catches 
a bar attached to one end of the ropes running through 
the pulleys in the wall on both sides of the plane, at the 
top. By pulling this bar he slides the plane nearer the 


preferred to use the shorter time of one year and nine 
months in order to arrive at the conclusions we did. 
The methods of measurement that I have brought 


top of the inclined run, and, of course, lifts nearly his 
full weight in so doing, as he lies on the inclined door 
while pulling it up. 

If he desire to pull up more weight than his own 


before you are for the most part new, but I believe | body, he can do so by putting extra pieces of iron on 


they can escape any very serious criticism. The de- 
tails of many of the experiments from which our cal- 
culations have been derived have been published in 
various papers laid before the Royal Society and the 
Physical Society. I may say we have the greatest re- 
liance on the accuracy of them. 

I have now finished my course of lectures, and I have 
only to thank you for the great attention which you 
have paid to me, 

[Continued from SvrrLement, No. 689, page 11011.) 
[From tue Boston 


GYMNASTIC EXERCISES AND APPARATUS. 


For the special purpose of elevating the sternum or 
flat chest, and building up the muscular chest, the gym- 
nasiuims of the present day have apparatus known as 
the sternum elevator and quarter circle. With the 
sternum elevator as used in the Boston Young Men's 


the pulley weights located back of the plane, on the 
wall against which the plane rests, this being so ar- 
ranged that a rope running from the weights is attach- 


Inclined Plane—Develop:ng Back, Arm, and 
Muscular Chest. 


ed to the sliding plane, as is shown in the accompany- 


Christian Association gymnasium is an abdominal mat, 
which practically is an upholstered long board with ad- | 
justable foot attachment rest at one end. It is used) 
chiefly by corpulent men to tense up the muscles of the | 
waist, and by so doing “ fry out” the fat from the mus- 
cular tissues. i 
action of raising the body from a horizontal posture to 
an erect position, thus increasing the circulation in the 
muscles of the abdomen, and by the chemical action 


that takes place carrying away the accumulated fat. | 


The sternum elevator attachment is nothing more or 
less than an ordinary double-action pulley weight. The 
rope comes from a pulley attached to the floor, and has 


Lu 
Sternum Elevator— Enlarging Interior Chest 
Capacity. 
on itsendashort handle, which the operator , 


with the arms at full stretch, while lying on his back 


ing illustration. In pulling himself up, if the operator 
desires to elevate his sternum, he must pull the bar at 
the end of the rope down close by his face to his hips, 
then hold his arms stiff, and move them out and up, 
turning his wrists in and allowing the weight of his 


This is accomplished by the muscular! body, sliding down with the plane, to pull his arms 


straight over his head, from which place the movement 
wasstarted. If hestarts from this same ition again, 
and draws the bar at the end of the lines back and 
forth over his head, holding stiff arms meanwhile, as in 
the movement on the quarter circle and sternum eleva- 
tor, hedevelops the muscular wall of his chest. An 
movement he may execute on this inclined plane will 
give him a much more severe action than that given on 
either the quarter circle or sternum elevator, and for 
this reason the inclined plane is best suited for the use 
of normal conditioned and fairly strong men who de- 
sire to develop and make stronger the muscles of the 
abdomen, chest, and latissimus dorsi. 

There is another style of inclined plane, but it is used 
to strengthen the muscles of the legs and arms, instead 
of the chest and abdomen. It is made in about the 
same manner as the above described apparatus, but is 
operated differently. About 10 inches away from the 
bottom of the apparatus are two foot rests, one rigged 
above the other, ata height of about two feet. On 
either side of the bottom end of the sliding plane on 


on the abdominal board, with the head of the a which the operator lies are two handles, which he 


about two feet away from the bottom of the pulley- 
weight box. By drawing the pulley lines back and 
forth, holding stiff arms over the body, the muscular 
walls of one’s chest are developed, together with the 
inner part of the back arm. By drawing the lines close 
to the floor by the side of the head to the front of the 
hips, avoiding as much as possible muscular action in 
doing so, then inflating the lungs and reaching out and 
up with stiff arms, and wrists turned in, and allowing 
the weight in the box to pull the arms back over the 
head, the muscles that are attached to the upper arm 
and front and sides of the chest will elevate the ribs, 
enlarge the spaces between the ribs, and elevate the 
sternum or breast bone, and give increased power to 
the respiratory system. This exercise is a contradict- 
ing exercise for the floor parallel bar, horizontal bar, 
and other forms of heavy exercise that tend to make 
the body stiff. The muscles of the sides and abdomen 
being at rest during this exercise do not interfere with 
the most successful carrying out of the purpose of the 
sternum and abdominal apparatus. 

The quarter circle, which is used for identically the 
samme purpose as this sternum elevator, is a convex, 
curved, upholstered board, one end resting on the floor 
and the other end against the wall. 
against this board with his back, and rests his feet on 


The operator leans | 


grasps, one in each hand, bends his body, put his feet 
| against the top or bottom foot rests, as best suits him, 
} and, by the aid of the strength of his arms and power 
of his legs, pushes himself with the plane up the incline. 
When he gets as far as he can go, he allows the plane, 


Inclined Plane—Developing the Lower Limbs, 


with the weight of his body, to slide back to the floor 
again, and repeats the operation till the muscles of 
the leg tire, and that will take only two or three trials, 
or half a dozen trials to satisfy an ordinary man. The 
nautical wheel, a wheel made of iron, and identically 
the same as that used on some of the larger ocean 
steamers, is a valuable adjunct to the gymnasium of 


to-day. “The wheel is about three feet in diameter, 
with eight handles on the outside circumference. It is 
80 attached to the post or wall in a gymnasiuin that it 
can be turned to the right or left by the operator, and 
can be made as easy or hard to turn as the operator 
desires by tightening or loosening a band around the 
hub. If the operator stands facing the side of the 
wheel and turns it round by pulling the handles up- 
ward, bending his arms at{the elbow as he does so, he 
develops his biceps. If he pushes the handles up, skip- 
ping every other handle, he develops the triceps and 
muscles around the collar bone. If he pulls the handles 
down, skipping every other one, he exercises the great 
group of muscles in the side of his back and gives 


Wrist and Body Machine Fore-arm Developer. The Nautical Wheel 
~ Developing Fore- —Raising Left 
arm and Upper Chest. Side of the Chest, 


breadth to his body. If he faces the hub of the wheel 
and catches the handle furthest to the left of him with 
his left hand and that furthest to the right of him with 
his right hand, and pushes the wheel around and turns 
his body at the same time till one hand gets over the 
back of his head, and then returning to position, he 
develops the muscles of the waist that are used in 
wrestling, and aids flexibility for the entire upper part 
of the body if the movement is a free one. If the 
movement is not a free one, he builds up the great 
groups of muscles in the trunk of the body. If he still 
holds on to the, handles at the horizontal extremes, and 
turns the wheel completely around, at the same time 
turning his back to the wheel and refacing it, he de- 
velops the same muscles as are developed in turning 
the wheel only half way round, and makes the exercise 
a more general and also a very severe one. 

A machine especially for developing and strengthen- 
ing the wrist, and at the same time helping the grasp- 
ing power of the hand, is an odd, simple and entertain- 
ing apparatus, as is also a machine for strengthening 
the forearm. Both machines are comparatively new 
additions to the modern gymnasium appliances, and 
they are, of course, very useful. The wrist wachine 
consists of a round piece of wood set from the wall on 
supports like a rolling pin. The stick or pin is about 
four feet long, and graduates in thickness from four 
inches at one end to one inch at the other. Around 
the larger end of the pin a rope, attached toa 7 
above and connecting with weights below, is hitched. 
The operator stands in front of the machine, catches 
the pin with his hands as if to squeeze it, and turns it 
around, thus winding the rope attached to the weights 
and pin around the large end of the pin. This work 
has got to be done entirely with the wrist and hand 
and it develops the muscles of the wrist and gives the 
operator more power in his hands. A man who at- 
tempts to turn the pin frow the smaller end finds the 
task a most difficult one. The nearer he gets to where 
the rope is hitched and turns the pin, the easier the 
task, and for that reason the size of the diameter of 
the pin is graduated to suit all who want easy or light 
exercise for their wrists. The forearm developer is 
best shown in the illustration accompanying this 
article. It is a common wooden pail handle, so ar- 
ranged by means of pulley ropes and iron arms that by 
turning the handles to the right or left the weights on 
the end of the pulley rope are lifted, and the muscles 
of the forearm come into play the same as they do by 
turning the knob on a common door. These are only 
a few of the modern aids to muscular development. 

All classes need exercise, the rich and the poor, the 
weak and the strong. The weak man will grow strong, 
and the strong man is sure to grow stronger with exer- 
cise properly taken. Exercise in the open air is gener- 
ally more desirable and more beneficial than indoor 
work, yet there are times when indoor gymnasium ex- 
ercise is more desirable and just as beneficial, if not 
more so, than exercise in the open air, that is, if it be 
taken under proper directions from expert instructors. 
Apparatus for the use of ple of all ages, sexes and 
conditions may be found in all well appointed gym- 
nasiuls of this country, and none are more complete 


Pyramid Ladders--Forming a 


Group of Inclined Ladders. 
Pyramid, 


or more fully up to the requirements of the times than 
the Boston Athletic and Association “gyms.” Among 
specially good and odd or simple or common gy™ 
nasium furniture for body building and recreative put- 
poses not already noted are the horizontal, inclined, 
pyramid and other kinds of ladders, which are of about 
the same pattern and make as the common house | 
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ders, slanted or inclined at different angles, grouped in 
pairs or in fours, and given different names. They are 
all made to serve the same purpose, and develop al- 
most identically the same class of muscles. The ost 
zontal ladder is for use by those who attend gymnasiums, 
and desire development of the muscles of the shoulders, 
arms, chest, and portions of the body above the waist. 
The idea is for the man seeking development to catch 
the rungs of the ladder, which is hung ey a few 
feet above his head, and, while hanging at full length, 
with arms stretched, swing from one rung to the next, 
and so on. This exercise lifts the side walls of the 
chest, and strengthens the muscles in the arms, back 
and side. The adjustable inclined ladder is what its 
name implies—a ladder that can be inclined at any de- 
gree. It is for the same purpose as the horizontal lad- 
der, though it is more severe on the muscles. The so- 
ealled track Jadder ig really two inclined ladders run in 
a track together, and is for about the same purpose as 
the horizontal and ordinary inclined ladders, while the 
pyramid ladders are two ladders, the bottoms of which 
rest together on a framework, and are so arranged 
that the ladders can be tipped at any angle, outward 
or inward, from a vertical position. The pyramid lad- 
ders are really for trick and exhibition purposes, and 
afford recreation and enjoyable exercises for class work. 
Innumerable pictures and positions can be shown on 
them, and though they are classed with the other lad- 
ders among the heavy gymnasium apparatus, and are 
of no especial value to the “hall of health,” they are 
nevertheless found available on many occasions during 
the year by the average gymnasium instructor of the 
present day. 

The javelin, with target, is a queer piece of gym- 
nasiuw apparatus which can be seen only in the Boston 
Athletic Club gymnasium and a few other gymnasiums 
in this country. The javelin is a shaft of wood about 
six or eight feet long and one or twoinches in diameter, 
made after the style of the javelin of the ancients, but 
not pointed. The stick is thrown at the target set 20 


The Javelin—For 
Recreative Sport, 


The Javelin—Aiming. 


or 30 feet away, as aspear would be thrown, and the 
practice of firing at this target, as shown in the ac- 
companying cut, is intended as much as an incentive 
to gymnasium work as it isa developer or exercise of 
and for the body. A man should not confine the ex- 
ercise of throwing the javelin to one hand, as the act 
would tend to develop only one side of the body. A 
man who throws the javelin properly, first with one 
hand and then the other, gets good general development 
out of the exercise, and also an unmeasurable amount 
of fun. The extensor muscles of the leg, and muscles 
in the upper part of the chest, the latissimus dorsi, 
and biceps and triceps of the arms, are the principal 
muscles brought into play when the javelin is thrown. 
The target for the javelin isa common wooden object 


The Javelin Target—Position after the Throw. 


about two feet square, hung on wire and resting on 
posts about five feet high. An ordinary archery target 
Serves the same pur as the regular javelin target, 
which is, of course, in no way an adjunct to the many 
kinds of apparatus now in use for the benefit of those 
in quest of apparatus for Lo ye development. 

An odd, though not especially desirable, yet service- 
able and entertaining piece of gymnasium parapher- 
nalia is the buck, which is made of a framework of 
wood, about 2 feet long, 1 foot wide, and 1 foot high, 
covered with felt and leather, and resting on an ad- 
justable iron standard, or four weighty iron legs, at a 
height to suit the size and convenience of those using 
it. This buck is entirely for gymnasium class exercise, 
and should never be used as a corrective or piece of 
Special apparatus. It is one of the many valuable 
adjuncts to the gymnasium used to relieve the mo- 
notony of set and ordinary apparatus, and is a general 
developer if used in the proper manner under intelli- 
gent instructors. Hundreds upon hundreds of exer- 
cises beneficial to the muscular, respiratory, and other 
organs, and extremely different both in manner of exe- 
cution and in results, can be performed on the buck 
With ease and grace of movement that is in itself very 
pleasant to look upon. The buck could rightly be 
classed among the heavy apparatus of the period, and 
may be called German type, although there is nota 
well conducted gymnasium in America without one. 
The best style of buck is made, together with other 
ag German gymnasium paraphernalia, in St. 

uis, by a German manufacturer known as Medert. 
A successful and intelligent gymnasium instructor ap- 


mixed with brains,” or, in other words, should be care- 
fully studied before being executed many times. Trick 
work done on it is generally injurious in a muscular 
sense, unless corrective exercise on some other special 
piece of pees apparatus is taken as well. The 
great trouble with many youns men who attend gym- 
nasiums is that they fall very often into doing exer- 
cises that are of a trick or catchy kind. Such exercises 
are to them very recreative, and, perhaps, pleasant, as 
all exercises should be, but they are certainly neither 
advisable nor beneficial. No person who attends a 


The German Horse— The Vaulting Buck— Split Handle Giant— 
Vaulting. Suitable for class Developing Na- 
exercises, ture’s Ider 

Braces, 


gymnasium should attempt much such work if he has 
the good of his body in mind, neither should he become 
too much attached to any one piece of gymnasium ap- 
ratus for special development, without also having a 
ancy for an apparatus that is corrective of the other's 
effects. The buck is sometimes called a ‘ vaulting 
buck,” because most of the exercise done on it is of a 
vaulting character, and, therefore, is mostly exercise 
for the back arms, muscular chest, and back. In- 
structors, in showing a class through a series of exer- 
cises on the buck, first do a vault over the buck, plac- 
ing their hands on it and throwing their legs sideways 
over it, thus getting good anterior development. They 
next show an exercise that gives a stretch action on 
these muscles, and follow this up with an action for 
posterior development. As the exercises generally 
given on the buck are perfectly natural, they can be 
taken, under proper instruction, without injury, by 
the weak as well as the strong man. It is not the ap- 
aratus, it is the exercise that strengthens and develops. 
he vaulting horse is used for the same general purpose 
as the vaulting buck, and is made in much the same 
way—of a framework or shell of wood, about six feet 
long, one foot wide and one foot thick, excepting at 
one end, which sometimes graduates from one {foot 
(two feet from the end) to three inches at the end, or 
what is known as the horse’s head. This framework is 
covered with felt, with an outer covering of heavy hide 
leather, and rests on four iron legs or two standards, 
about four feet high, sometimes being readily adjust- 
able for the use of large or small men. In the center 
of the top or back of this horse are two pommels, each 
about six inches high, set about 18 inches apart, to 
represent a saddle on a horse’s back. These pommels 
can be taken off, and then the framework is known as 
a “long horse,” and can be used for a greater and safer 
variety of exercises. The number of exercises and 
tricks that can be done on this horse is very great ; 
beneficial or dangerous, just as one desires to make 
them. When intelligent instructors guide the move- 
ments of their pupils on the horse, the result is that the 
multiplicity of exercises shown and given all tend to 
eneral development of the body, if taken in groups. 
ot only this, but exercise on the horse and buck gives 
a wan great agility, courage and self-possession, trains 
the eye and helps to give clear and quick perception. 
The bicycle machine is a very recent addition to the 
gymopasium, and, as its name implies, serves the same 
purpose as a bicycle. It is made almost entirely of iron, 
and looks like the section of a bicycle without the 
wheels. It has regular bicycle handles and the ordin- 
ary bicycle seat and treadles. The treadles rotate, and 
are attached on either side to an iron wheel about 18 
in. in diameter, which might be taken for the hub of 
an ordinary enlarged bicycle wheel. Between these 
wheels, which very nearly touch the floor, is either a 
small wheel screw or strap, which can be looseved or 
tightened to make the treading hard or easy, as the 
operator desires, though the wheels are generally found 
to need the same power to turn them as the treadles on 
a bicycle running over an ordinary country road. This 
machine tends to develop exactly the same muscles by 
exactly the same motions as is gone through by a wan 
riding a ee ane or in other words, it is for the pur- 
pose of developing the muscles of the lower limbs and 
thighs. Constant use of this machine, like constant 
use of the bieyele, tends to make a man round shoul- 
dered and flat chested. Because, as the bicycle ma- 
chine is a special, rather than a general, developer, a 


hands, at the same time keeping the chest well forward, 
the body perfectly erect and the head well up and 
back, the operator develops the great muscles between 
and below the shoulder blades, thus holding the 
shoulder blades down and back. If the operator 
reaches forward and down, still holding the ends 
of the pulley line, keeping his legs stiff and bending 
his y atthe waist, and then returns to an erect 

ition, he develops all the muscles of the back from 
ead to heels, thus -_ the body an erect posture, 
and counteracting the effect of the stooping posture 


CQ 
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Whole Waist em Whole Waist Developer— 
Improving Small of Special Movement for 
Back and Lumbar Re- Expanding Chest and 
zion, Developing Rector 

Group. 


while on the Cae machine or bicycle. If the exrr- 
cise on the bicycle machine has made the rider very flat 
chested, exercise on the simple upright parallel or chest 
bars, or round bars about eight feet high and three 
inches wide, set about two feet apart, and made fast to 
the floor and ceiling, as before described and illustrated, 
will cure the evil. These simple upright parallel bars 
serve asnultiplicity of purposes by attaching to them, 
or using in connection with them, a simple or even com- 
plicated piece of gymnasium apparatus. If a strap 
about four inches wide, or even less, is Qe across 
these parallel bars at about the height of one’s thigh, 
and a single high pulley is placed about one foot be- 
hind these chest bars, between them a special and very 
important piece of gymnasium apparatus, known as a 
‘* whole waist developer,” is made. Facing this band, 
and standing between the bars and pulley box, with 
his heels against the box and holding his hands up 
over his head, with his arms close to his ears, and as 
far up as possible, producing a stretch action on the 


The Shoulder Lift—Correcting 
Low Shoulders. 


sides, then drawing his hands down in front of him and 
reaching out as far as he can possibly get, then coming 
up while still reaching as far as possible, develops the 
small of the back and exercises the waist. This move- 
ment is ber J good for _—- in the back, which some 
think is kidney trouble, but what is often really noth- 
ing more than weakness of the muscles of the back. 
The contraction and elongation of these muscles gives 
them new life, and makes them healthy and strong. 

Doing this same movement while holding a dumb 
bell in his hand, and making more ee a wan 
strengthens the entire terior part of the body from 
head to foot. Facing side to the strap and tipping tothe 
right or left, with the hands high up over his head as 
in the first movement, one’s loins are strengthened and 
developed, and the digestive organs are given good ex- 
ercise to help them perform their functions. With 
one’s back to the band across the bars, if he pulls the 
weights with the handle or handles above his head and 
bend back over the band, holding a stiff arm to a high 


man should counteract its ill effects by the use of con- 
tradictory apparatus. The best pieces of apparatus for 
a constant user of the bicycle machine is either the 
simple wand or bar bell drill or the split handle giant 
pulley. This = handle giant pulley is rigged high 
over the head of the operator and a few feet in front of 
him. One line runs from the weights in the pulley box 


The Bicycle Machine— The Sculling Machine— 
Development of Low- Developing the Sides, 
Back, and Loins. 


er Limbs and Thighs. 


to within a few feet of the end, when it branches off ia 
two . and an ordinary pulley handle is put on each 
end for the operator to grasp. By pulling both handles 


= of nothing but light and quick exercise on the 
uck, and such exercise, when taken, “should be 


vertica!, the muscles of the upper portion of the back 
and the abdomen are developed. If he places his heels 
to the pulley box and faces the band. then pulls the 


The Paddling Machine—Imaginary Canoing in 
Winter. 


weight handle forward and down while holding hie 
arms stiff, the muscles in the anterior part of the body 
and part of the sides and shoulders are developed, and, 
of course, the abdominal region is particularly attacked. 


down and back by a swimming movement with the 


If a man reste his back against the pulley box and 
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bends the arms, bringing the lines close to the side of 
the face in front of the hips, thus avoiding a muscular 
action, then taking a long breath and allowing the 
weight to pull the stiff arms out in front of the body 
and up as bigh as possible, the entire interior capacity 
of the chest will be enlarged, the muscles around the 
abdomen will be made flexible, and the walls of the 
thorax will be allowed free play. This movement is 
called a passive stretch exercise, and is valuable in lift- 
ing up the sternum, or breast bone, and rounding out 
the chest. It does its work almost as well as special »p- 
paratus made for the same purpose, such as the ster 
—_ elevator, quarter circle, and concave sternum tma- 
chine. 

A special apparatus known as the shoulder lift, and 
which is entirely and only for the correction of low and 
stooping shoulders, is a massive and useful machine. 
it adorns the Harvard and Boston Athletic Club gym- 
nasiums, but is not in use elsewhere in or about Bos- 
ton, probably because of its size and its cost, and for 
the reason that less cumbersome, less costly and simpler 
apparatus serves the same purpose as well, though it 
surely does not look as if it combined action so much 
as does the shoulder lift. The apparatus stands about 
nine feet high, and occupies a space about four feet 
long and four feet wide on the floor. The base of the 
apparatus is of wood and is put together like a box. It 
is about four feet wide each way and about two feet 
high. A space about three feet long by two feet wide is 
left in the center of the base, being open from the front 
of the apparatus. Four steel hollow rods about six 
feet long and two inches in diameter run from each 
corner of this lower box to a box of about the same 
dimensions as this lower box. It resembles a canopy, 
and is of wood. From the center of the canopy two 
steel rods extend, on the ends of which are two concave 
padded blocks, cut for the shoulders to fit into. The 
operator puts his shoulders under these blocks while 
standing in the open space in the box below and lifts 
up on these blocks only with his shoulders, thus lifting 
weights below in the hollow boxes on each side of him, 
which are connected with the top of the steel rods at 
the end of the padded blocks by means of wires run- 
ning from the weights to the top of the machine 
through the hollow tubes supporting the canopy above. 
Constant use of this machine in this way will build up 
the shoulders and strengthen the muscles around the 
shoulder blades, particularly the upper trapezius. 

Another machine, much simpler, yet just as useful, if 
not more useful, than the shoulder lift, is the sculling 
machine, which any one can make out of a common 
palley weight machine by joining the two lines of the 
pulley weight machine together, running them over 
one pulley block, connecting the: with the end of a 
round pole about six feet in length and two inches 
in diameter, and attaching the other end of the pole to 
the floor by means of a staple, so that the pole will 
have free play of about one inch at the floor end. The 
machine is then as complete as the so-called sculling 
machine, which has but one pulley line running from 
the weights over a single pulley at the height of about 
five feet from the floor, the line being attached to the 
pole at the top, and the bottom of which is stapled to 
the floor about one foot from the weights. ‘The line 
running over the pulley is left long enough to give 
about three feet play to the top of the stick without 
lifting the weights. The operator, standing in front 
of this stick, facing the weights, catches the stick at 
the top close to the upper end, and swerves it with 
both hands, first to the right and then to the left, mov- 
ing it in the same manner as he would move an oar in 
sculling a Whitehall boat, and getting as much resist- 
ance from the weights he is obliged to draw up at 
every motion to the right or left of him as he would 
get from the aay given his oar by the water. The 
person who uses this machine will find it a special de- 
veloper for the muscles of the sides, back and loins, 
and as much of a general developer as is sculling a 
boat. The paddling machine found in most gymna- 
siums is made in much the same manner as the sculling 
machine, and it certainly is just as useful, for the rea- 
son that, besides being a general developer, it is a special 
developer of the muscles of the back and sides, and 
also the triceps and biceps of both arms. This pad- 
dling machine is nothing less than a pole and a pulley 
weight machine. The pole is attached to the end of 
the pulley rope, close to the floor, and the rope rans 
through a shifting pulley block attached to the lower 
part of the pulley weight box or slides. The operator 
catches the end of the pole farthest from the weights 
while standing about six feet in front of the machine, 
and he moves the lower end of the pole with pulley at- 
tachment tothe right and to the left, in front and be- 
hind him, with the same motions he would employ if 
standing up in a boat and paddling along with a single 
blade oar, the lower end of the pole being the blade 
As the operator moves the stick out from the pulley 
weights the weights are pulled up in the slide or box, 
they being the resistance offered that gives the motion 
a realistic feeling. 

The sculling and paddling machines are only two of 
the many such devices employed in the gymnasium for 
body building and exercise purposes that are as fasci- 
nating as they are ingenious. 

(To be continued.) 


ARE THERE OTHER SPEECH CENTERS 
BESIDES THE ONE OF BROCA? 
By Z. H. Evans, M. D., Bay City, Mich. 


I wascalled April 21, 1888, to see Mr. K., aged twenty- 
four, a contractor by occupation. Upon my arrival at 
the house, I oneal Seems the members of the family 
that two weeks previous to my visit, while engaged in 
removing a swing bridge, he had fallen about thirty 
feet, striking on the left side of his head and shoulder, 
rendering him insensible. In this condition he was re- 
moved to the Northwestern Hospital, where he re- 
mained unconscious for some forty-eight hours. The 
surgeons in charge regarded the case as a simple shock, 
and treated it accordingly. At the eupivetion of two 
weeks he had so far recovered as to be removed to his 
own home, a distance of only a few blocks. When I 
first saw the patient, his general attitude was that of 
Fig. 1. Examination of the head revealed a slight de- 
pression over the upper and middle portion of the left 
parietal bone—the line of fracture extending down 
toward the temporal. Slight pressure exerted over the 
depression would cause him to fall to the floor, and at 


the same time produce a violent pain in the head which 
would last for Coen He was also suffering from double 
vision, which annoyed him exceedingly. His tongue 
when protruded wou!d turn to the right. His sense of 
taste was gone, while his sense of smell was stimulated 
to a high degree. His hearing was not disturbed. Con- 
fronted with all the above named symptoms, I at once 
concluded that it was a suitable case for 
and so expressed myself to the family; but knowing 
there was a possibility of a lawsuit growing out of the 
accident, | asked the privilege of inviting oth+r sur- 


1. 


geons to see the case, which was granted. Ageentingty 
I invited Dr. Vaughn, Dr. Carron, Dr. Miner, Dr. 
Landon, and Dr. Elliott. 

After giving the patient a thorough examination, they 
concluded it would be better to wait fora short time 
and see what nature would accomplish for the patient, 
as some of the doctors present thought that the lesion 
was beyond the reach of the trephine. They believed 
that there was a blood-clot at the base of the brain 
pressing on the third, fourth, and sixth cranial nerves, 
thus accounting for the double vision. Others thought, 
as the depression was slight, the brain would in a short 
time adjust itself to its new quarters and then cease to 
cause the patient any further trouble. We waited from 
April 23 to May 18 for the clot at the base of the 
brain to absorb and the brain to become reconciled to 
its new quarters. The patient in the mean time lost 
his reason, and during the paroxysms would, if left to 
himself, get out of doors and run in a circle, gradually 
increasing his speed until be became so exhausted that 
he would fall down in a spasm, when his attendants 
would carry him to his room and place him in bed, 
where he would sleep for some hours. On awakening, 
his mind would be clear, but he would have no recol- 
lection of what had taken place. On May 18 I again 
urged upon the family the importance of elevating the 
depressed bone, and gave my unqualified opinion that 
his meutal and physical condition was wholly due to the 


Fig. 2. 


skull pressing upon the brain, and if operated upon 
would improve just in proportion as the brain was re 
lieved of its pressure and no more. The family finally 
accepted my views of the case, and with the assistance 
of Dr. Miner, Dr. Carron, Dr. Vaughn, and others. we 
began the operation by first shaving that portion of the 


head that was likely to be involved in the operation. 
A crucial incision was then made over the depression 


and the flaps turned well back out of the way. The 
trephine was then placed a little to one side of the de- 
pression (marked in Fig. 2), anda button removed 
without diffieulty. The dura presented a dark, thick- 
ened appearance, due to recent inflammation. With the 
aid of the elevator the bone was raised to its normal 
pee the flaps were then ae over the wound, a 
ew sutures inserted, and a light compress and bandage 
applied, which constituted the entire dressing. The 

tient, on recovering from the effects of the chloro- 
‘orm, expressed himself as feeling quite free from pain, 
the double vision was gone, the sense of taste was re- 
stored, and the sense of smell corrected. He remained 
in bed for three days, when he got up and dressed him- 
self, declaring that he was feeling quite as well as be- 
fore the accident. He remained in this condition un- 
til about the 20th of July, at which time he began to 
cowplain of pain over the left side of the head, which 
gradually increased until July 25, when he called at 
my office to consult mein regard to it. As he was con- 
stipated, I preseribed ten grains of calomel to be taken 
at time, and asked him to report to me at my office 
the next day in case he was feeling no better. On his 
way home, as he neared his house, he tried to call his 
dog, and for the first time he was made aware that his 
speech had gone, and also his sense of feeling. I was 
at once sent for, and on wy arrival at the house found 
the patient sitting on the front stoop smoking a cigar 
and reading the evening paper. On asking bim the 
cause of my being called, he wrote on a — of paper 
stating that he could not speak nor could he feel, and at 
once convineed me of that fact by placing the lighted end 
of his cigar to his hands and face. After alittle further 
investigation I became convinced that he was without 
feeling from the crown of his head to the soles of his 
feet. He remained in this condition from July 25 to 
October 6 (making in all seventy-five days), when a 
consultation of several physicians was called, and after 
giving the —— a thorough examination, there were 
as many different shades of opinion expressed as to the 
lesion involved as there were surgeons present. After 
communicating the views of the surgeons to the patient, 
I then asked him what I should do. He wrote on a piece 
of paper : ‘‘ Operate ; Iam a winner, let the result be as it 
may.” The next day, October 7, with the assistance 
of Dr. Miner, Dr. Baker, Dr. Vaughn, and others, we 
again proceeded tothe operation. After shaving the 
head it could be plainly seen that there was a slight de- 
pression of the size of a five cent piece at the middle 
and lower portion of the left parietal bone. Slight 
pressure over this painful spot would cause the patient 
to wince and ery out with pain, which fact convinced 
me that there was either pus or a tumor in the imme- 
diate proximity of the depression. The trephine was 
then placed ey | over this tender portion and a but- 
ton removed—not, however, without some difficulty, as 
the upper portion of the skull was very thin while the 
lower border was quite thick, which caused the dura to 
be opened to quite an extent. There escaped a few 
drops of greenish fluid, the product of inflammation. 
The brain now pouted forward into the trephine hole 
in the skull. 

After a brief consultation with the surgeons present 
we concluded, as‘ there was evidence of pus being 
deeply seated in the brain, to leave the wound open for 
future exploration. A light compress and bandage 
were then plied, one fourth ofa grain of morphine 
injected, and the patient placed in bed, where he slept 
for some hours. On awakening, he was delighted at 
the change that had been wrought. His speech was 
restored, the sensory disturbance corrected, and he ex- 
pressed himself as feeling quite like his formerself. He 
continued to remain in this condition for six days, when 
his speech gradually became a little thickened, and he 


Fig. 3. 


found ita diffieult matter to express himeelf intelli- 
gently, the tendency being to use the wrong word. On 
examination of the wound, the brain was found pout- 
ing still farther forward, completely filling up the tre- 
phine opening in the skull. From this fact I became 
convinced that there was pus foreing the brain forward. 

I then took a slender biaded knife and passed it into 
the brain tothe depth of an inch or more, when a dark, 
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bloody pus commenced to flow and run down the side 
ofthe patient’s neck. A pair of small issue forceps was 
then , with the blades closed, into the wound and 
the blades allowed to open, which enlarged the “| 
sufficiently to admit of its being washed out, whi 
was done with lukewarm water. A few strands of 
oakum were then inserted into the wound for,the pur- 
of securing free drainage. The flaps were then 
over the wound and maintained in position by 
means of a compress and bandage. Morphine was 
ordered to be given in case there was — On calling 
in the evening, much to my surprise I found the patient 
ap, dressed, and conversing as well as before the acci- 


dent. 
The result obtained convinces me that there are other 
h centers besides the one located by Broca in the 
third left frontal convolution. If there are not other 
h centers besides the one of Broca, I should like to 
know why it is that this patient’s speech was restored 
by trephining and evacuating pus over the region indi- 
eated in Fig. 2. While Iam aware that it takes more 
than one case to establish a surgical trath, I am fully 
convinced that there are two forms of speech located 
over the region trephined, as before the operation the 
ient was unable to utter a loud sound, but could 
converse by writing. Since the operation he can talk, 
but is unable to write even hisown name. In his own 
language, he says he has forgotten how to form the 

letters.—V. Y. Med. Jour. 


GEN. BOULANGER. 


THE election, on pueteg. January 24, of Gen. Bou- 
langer as member of the French Chamber of Deputies 
for the Department of the Seine, by a majority of the 


whole constituency, and by a very majority over 


previously to his being patronized by M. Clemenceau, 
the leader of the Democratic party some four years ago, 
as an officer disposed to undertake the task of working 
out certain measures for the stricter enforcement of the 
conscription. The jealousy of the laboring classes of 
the population, with regard to the legal exemptions 
and indulgences in this respect allowed to the educated 
and professional and well-to-do middle classes, with the 
permission to avoid military service by payments of 
money, afforded M. Boulanger some und for taking 
eredit with the Democratic partys the agent of a more 
uncompromising new system. This has been his prin- 
cipal achievement. As a junior officer, he fought like 
hundreds of others in the German war, and gained a 
moderate degree of professional distinction. He ob- 
tained the command of a corps of occupation in Tunis, 
where he was mixed up in quarrels with M. Camben, 
the French Consul-General, and in certain scandals 
connected with an intrigue to procure the Grand Cross 
of the Legion of Honor for a money lender who was an 
ally of M Clemenceau. He afterward held, for two 
years, the War Office directorship uf business relating 
to the infantry of the line, and effected some changes 
of detail conduéive to the comfort of the common 
soldiers. 

Toward the end of 1885 he was appointed Minister 
of War by M. Freycinet, and became a political per- 
sonage. is attitude, as a member of the opposition 
party, since the formation of more recent ministries, 
and his appeals to popular sentiment against their 
policy; his repeated acts of military insubordination, 
for which he was deprived of his command and put 
under arrest; the incident of his denying the author- 
ship of a letter formerly written by him to one of the 
Orleans princes; his electoral candidature in several 
provincial departments, with noisy popular meetings, 


GENERAL BOULANGER. 


his principal competitor, M. Jacques, but with the 
assistance of votes, estimated at 90,000, given by per- 
sons hostile to the Republican form of government, is a 
rather startling event ; but its importance may prove 
much less than has been imagined. Though it may oc- 
casion the overthrow of a ministry, giving to the gen- 
eral, by the peaceful instrumentality of the ballot box, 
is revenge on M. Floquet for the wound inflicted in a 
sword duel not many months ago, the predictions that 
it will destroy the Republic, and will substitute the 
rule of a military dictator, or a royalist reaction, are 
hot worthy of much consideration. The wish is father 
to the thought ; and the exultation is premature. Gen. 
oulanger, if he had the unscrupulous ambition to 
seize power like a Napoleon, of which we do not accuse 
th self-asserting demagogue, has epperentiy neither 
e ability nor the reputation, nor is likely tu have the 
Thoreanity, that would enable him to play such a part. 
A third-rate general, who has never commanded an army 
th any notable campaign ; an administrative official in 
the War Department, and for less than two years Min- 
— of War, but only in time of peace ; a political agi- 
tor who is no orator, who has no affluence of ideas, 
fo skill in debate, and whose individual behavior has 
di n remarkably indiscreet, — him in various un- 
'gnified situations—is not the man, with his plebeian 
name and inglorious associations, to be made the hero 
of the French nation. 
m. © Is merely the tool of factions entertaining differ- 
= and opposite designs, seeking a chance to profit by 
a “te political disorder, and intending to throw him 
: re rd at the moment when they shall have gained 
mwporary advantage in the confusion which they 
po to produce. If contemporary history supplied the 
- = he any great action, military or civil, performed 
pd ulanger, who is now about forty-five years of 
ey it should find place here in a biographical memoir ; 
the reeord of his public life is barren and obscure 


banquets, and street parades, demonstrating hostility 
to the government and to the constitution—have not 
been calulated to strengthen confidence in his pe be 
to the Republic or in his possessing the virtues of citi- 
zenship. Among genuine Republicans there is now a 
complete distrust of his professions of adherence to that 
form of government which has existed for the past 
eighteen years. 

Gen. Boulanger’s scheme for the revision of the con- 
stitution is to abolish the power of the presidency and 
to do away with the Senate, which are the two features 
most resembling those of the United States republic, 
and from whieh its stability, and the energy and con- 
sistency of its executive government, are derived. The 
President of the French Republic, with functions like 
those of a constitutional sovereign, but obliged to ac- 
cept ministers supported by the majority of the Cham- 
ber of Deputies, is elected, by the members of the Senate 
and Chamber voting together, in the National Assem- 
bly, for a period of seven years. M. Carnot, who suc- 
ceeded M. Grevy in December, 1887, will be President 
till December, 1894, and will, under the advice of win- 
isters responsible to the chamber, see that the laws are 
enforced, controlling the whole civil administration 
and disposing of the army ; but he cannot declare war, 
or ratify foreign treaties, without the express assent 
of the Legislature. The Senate, consisting of three 
hundred members elected for nine years, not all at once, 
but one-third of them to be elected in every third year, 
represents the Councils-General of the departments 
(similar to our new County Councils), and the Muni- 
cipal Councils of communes, these being elected b 
universal suffrage. Itshares the legislative power wit 
the Chamber of Deputies, and is peculiarly the guard- 
ian of the constitution. In the present Senate there 
are 230 Republicans to seventy arehists, whereas 
the present chamber contains 170 Royalists. 220 Mod- 
erate Republicans, 170 Redicals, and 30 Socialists. 


: giving a very precarious majority to the Constitu- 


tional Republicans, as the Royalists often join in a 
factious vote of the Extreme Democrats to embarrass 
any Republican ministry. This is the real cause of all 
the difficulties that the short-lived ministries of late 
rs have encountered. The Senate is the most effect- 
ve political bulwark of the Republic, and its abolition 
is the avowed object of Gen. ulanger, as it is of the 
partisans of the Comte de Paris, styling himself King 
of France, and of Prince Victor Napoleon, whom some 
would place on the imperial throne. But a revision or 
alteration of the Constitution must be preceded by 
separate resolutions of the Senate and of the Chamber, 
and must be effected by the two bodies sitting together 
in Congress or National Assembly. It is more than 
doubtful whether Gen. Boulanger sufficient politi- 
eal ability to bring about this consummation. If it 
were attempted 7 foree, it must be either that of a 
mob insurrection in Paris, which might be crushed as 
readily as the Commune of 1871 was crushed by the 
orders of the National Assembly ; or it inust be that of 
the army itself. But it is believed that none of the 
commanding officers of the army, and but a small por- 
tion of the soldiery, now drawn from all classes of 
society, and closely connected with civil interests, 
would follow Gen. ulanger, a man of little military 
renown and no manifest genius, in such an odious and 
desperate attempt. 
ese considerations should witigate the alarm ocea- 
sioned by the recent election for Paris, that is to say, 
for the Department of the Seine, which has the enor- 
mous register of 468,697 electors on the basis of uni- 
versal suffrage, enabled by the “serutin de liste” to 
vote in one electoral body, instead of being divided, by 
the “ scrutin d’arrondissement,” into constituencies of 
moderate size. The number who actually voted was 
435,860, of whom 244,070 voted for Boulanger, 162,520 
for Jacques, 16,760 for Boule, and 10,858 for outside 
candidates. The amount of voting for Boulanger is 
not unprecedented, Lamartine having got 259,000 votes 
in 1848, when Paris had scarcely half its present popu- 
lation ; and in 1885 the poll for M. Lockroy, son-in-law 
to Victor Hugo, was considerably greater. 
The portrait of Gen. Boulanger is from a photograph 
by M. Nadar, Rue d’Anjou St. Honore, Paris.—///us- 
trated London News. 
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CHARLES STEWART STONE. 


By the death, on Friday, the 1ith January, 1889, of 
Professor Stone, of the Cooper Union, in this city, a 
quiet, faithful, useful life was brought to a close. I 
cannot justly call this termination premature ; for 
Professor Stone was iu his seventy-third year, and had 
been continually e in teaching (principally in 
chemistry and mineralogy) for half a century. I 
am not even certain that, if he could have foreseen the 
end, he would have deemed it a misfortune to die with 
the harness on, and to miss that period of final repose, 
the otium cum dignitate of old age, to which so many 
active men look forward, and which the few who attain 
it so seldom enjoy ; for he was, both by temperament 
and by training, a man who found his regular routine 
of work not specially burdensome ; carried it patiently 
and comfortably, without intense delight or disgust, 
and would have been unhappy without it. I fancy that 
in all such lives of loyal, uncomplaining discharge of 
duty, in which ambition seems to have disappeared, 
and conscience itself has become habit, we may find, 
if we look further, the real sustaining and refreshing 
element in some occupation of which the public or the 
employer sees little—domestic pleasure ; the passive 
enjoyment of literature ; the practice of some accom- 
plishment; or the pursuit of some favorite object, 
which atones for the relative monotony of daily em- 
ployment. If such persons are simply appreciative, 
not aggressive and self-asserting, they receive less credit 
than is due, either to their usefulness or to their ac- 
quirements. It may be unjust to the subject of this 
sketch to say that he was one of that class; but such 
was certainly my earliest impression of him; and 
such it remains, after more than thirty years. 

Professor Stone was born in Maine, in 1815 ; graduat- 
ed at Yale in 1842; immediately began his career as a 
teacher, and was thus commas at various schools in 
Maryland and Pennsylvania until 1847, when he be- 
eame for four years principal of the Trenton Academy, 
at Trenton, N. J. Removing thence to Brooklyn, he 
opened there a private school, which he conducted un- 
til he became, in 1856, professor of natural sciences in 
the Brooklyn Collegiate and Polytechnic Institute. 
This position he retained until 1868, when he was ap- 
pointed professor of chemistry and geology in the 
Cooper Union—a position which he held more than 
twenty-five years. 

It was at the Brooklyn Polytechnic that I knew him 
first, and I can well remember that, although a re- 
latively young man, he impressed the boys as old. To 
my eyes, he never grew any older, but remained always 
the same steady, patient, unenthusiastic, industrious 
incarnation of duty. He was not one of those teachers 
who fascinate and inspire the indifferent pupil. Ifa 
boy really wanted to learn, Professor Stone was glad 
hoy he him ; if not, the professor did not worry about 
it. e was a good demonstrator in experimental 
physics and chemistry, and his explanations were clear 
a simple. If any student wanted more, he could 
pars it for the asking ; but it would not be forced upon 

m. 

But whoever would get behind this mask, and find 
the living man, had on y to exhibit a real or feigned 
interest in the professor’s collection of minerals. This 
was his pride and joy. He loved it as a gardener loves 
his flowers ; and through it one might go straight to 
his heart. 

For such a temperament, a sphere much more ap- 
propriate than the Polytechnic was presented by the 
Cooper Union. In the former school, he encountered 
boys not wildly desirous of learning anything in parti- 
cular, or (if they had passed that stage of immatarity, 
and begun, as the saying is, to ‘“‘ wake up”) enthasi- 
astic in some other department of study, where emula- 
tion, fed by ‘* sums” and problems, furnished more ex- 
citement. But in the Cooper Union, that wonderfal 
great college of which New Yorkers boast so much and 
know so little, there are no careless pupils, sent by 
their parents and anxious only for marbles at * recess.” 

of no other place where thousands of students 
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gather nightly, all intensely eager for the privilege of drying. When dry it has to be sieved, bagged, and ta- 
learning ; not one needing to be coaxed or stimulated | ken down to the settlement to be stored or loaded as 


or disciplined ; not one to whom the loss of the know- 
ledge for which he is so hungry would not be a punish- 
ment more severe than reproof or rod. To such recep- 
tive minds Professor Stone became a valued instructor. 
The thing he did not care to do, namely, labor with 
the hnodion and indifferent, was not requisite. What 
he loved to do, namely, impart knowledge to earnest 
inquirers, was exactly what the place demanded. He 
studied with minute perseverance the compact and ac- 
curate presentation of the themes which, over and 
over again, he had to present to fresh classes. The 
symbois, formulas, and calculations which he expected 
to employ were elaborately blazoned upon great charts; 
and so methodical was his preparation that he knew 
for weeks in advance on what day he would reacha 
certain topic and require certain charts, prepared for 
= illustration, which lay, duly labeled, awaiting their 
urn. 

The hundreds of experiments involved in his courses 
were similarly systematized. Professor Robert Spice, 
of Brooklyn, who has been engaged to finish the 
courses for this season, says that he finds the appara- 
tus for each experiment—down to the bits of glass 
tube, just long enough and bent to just the right angle, 
or the rubber pipes that exactly fit, or the beaker that 
holds precisely enough—all adjusted, ticketed, and set 
apart for that special purpose and no other. 

After such methodical preparation, it followed, as a 
matter of course, that Professor Stone’s experiments 
always succeeded, without waste of time; while his 
eharts not only saved him much labor, but protected 
his students against liability to clerical errors in taking 
notes. At the close of a lecture or recitation, there 
was always a group lingering to ask questions, and re- 
ceive the additional information which he was glad to 
give, though slow to volunteer. 

Thas carried on, the work was not only congenial to 
him, but satisfactory to his pupils. They sought the 
faets of seience, not brilliant oratory about science ; 
and what they wanted was a teacher who “ knew it 
like a book ”—a book in good clear print, with pictures, 
and possessing also the great advantage, not found in 
any ordinary book, that, on being pressed with a 
question, it would produce an explanatory footnote |! 

And these nightly duties being discharged, he was 
free to spend as many hours as he chose in his cabinet, 
collecting, classifying, labeling, examining and re-ex- 
amining, or in exchanging ”—with a sigh over what 
he gave and a smile for what he got in return—in short, 
to revel in the joys of a true collector. 

He wasa first rate mineralogist, although he pub- 
lished nothing, so far as I know, on that subject. In 
chemistry—a science which was completely recon- 
structed while he was teaching it—he kept up with the 
times, modifying his instruction to suit established 
modern theories and notations, yet avoiding a too 
hasty adoption of proposed novelties. During the last 
few years, his failing strength did not permit him to 
take personal charge of all the departments for which 
he was responsible, and for some courses of lectures he 
engaged competent assistants at his own expense. As 
a member of his family once said, he had so fitted him- 
self to his regular routine that he would rather have 
hired others to-de all the work, retaining for himself 
the mere care of the apparatus, than let go entirely. 

Of his intellectual life, and of his home cirele, I will 
say no more than this: that they were evidently ele- 
ments of a refined culture, confirming him in a seclu- 
sion that would have seemed, otherwise, almost mon- 
astic. And so, preferring inconspicuous peace to the 
fierce delights of competition, and turning from the 
noise of men to the silence and purity of crystals and 
books and home, he passed, almost without counting 
them, and neither hasting nor resting, the uneventful 
years. Among his pupils there —_ be many who will 
turn to profit of fame the knowledge he first gave 
them ; but not one will tread the way of duty with 
more faithful foot, or earn more truly the rewarding 
seutence, ** Well done.” R. W. RAYMOND. 


MALDEN ISLAND. 


MALDEN ISLAND is something like Christmas Island 
in its general features, being covered with white glar- 
ing sand overlying coral, and almost entirely devoid 
of trees. The first objects which we sighted were 
the three masts of a vessel which was loading with 

ano; next the flagstaff came in sight, and was fol- 
owed by the lower yards of the ship and the tops of 
the houses. We finally caught the white glare from the 


sand, through which appeared occasional clumps of | & 


low bushes, the whole being surrounded with the usual 
ring of surf. There is, ay speaking, no anchor- 
age, except so close in shore as to be very dangerous; 
bat Messrs. Grice, Summers & Co., of Melbourne, who 
are at present working guano here, have laid down 
three sets of moorings. These moorings consist of an 
anchor on shore, from which runs a chain down to 
another anchor in about sixty fathoms. To this latter 
anchor there is connected a chain attached at its other 
end toaheavy buoy to which ships make fast. The 
chain from the shore thus keeps the anchor from slid- 
ing down the bank, and its own weight and the grip of 
the coral prevents it coming the other way. 

The guano fields which are being worked at present 
are at the other end of the island, and a tramway, 
about five miles in length, has been constructed to 
bring the guano down to the pier. The hauling work 
on the tramway is done by sail power and by hand. 
There are neither horses nor steam locomotives. The 
trucks are pushed up to windward, loaded, and then 
sail is made, and the tram comes along at a fine rate. 
The engine truck carries a single mast in its center, 
rigged with a large sail. The first time I saw the train 
the trucks were empty. I asked the man in charge to 
hoist his sail while I took a photograph. He accord- 
ingly did so, but‘the trucks having neither way on 
them nor ballast in them, the engine promptly cap- 
sized. However, | was more fortunate on another 
occasion, as the annexed engraving shows. 

There are about one hundred natives employed on 
the island, with six whites, including manager, whar- 
finger, chemist, blacksmith, carpenter, and field su- 
perintendent. The guano is dug out from the surface, 
where it lies to a variable depth, averaging three or 
four feet. The labor does not consist in pure digging, 
but the stones are loosened and the guano swept from 
between them. After digging it sometimes requires 


the case may be. There is no water on the island, the 
inhabitants being entirely dependent on a condensing 
machine. In fact, there is nothing but guano, sand, 
and a few goats, and certainly if ever people deserved 


to well paid. it is those | 
only engage for nine mont brought from 
M iand Aituataki. 


WIND RAILWAY AT MALDEN ISLAND. 


The price of this guano varies considerably. Just 
now it is low, bringing an average of £7 per ton deliv- 
ered at the railway station at Melbourne. Taking 
this as a basis of estimate for want of a better, we ma 
put the actual value of the guano, if delivered at Mel- 
bourne, at £84,000 per annum.— Hngineering. 
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